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JiJ.T<7? (a) . (b) . Xfi (c) iZTS^-r^^i-y . 

Va) . (b) . X{± (c) ti^-r^7«f-K*r.-K-r^S<5^: 

U"^Fn?J-^ ^-*or-V-4.4' -v:^-> (2.2' -i^l. Fn^a, vt;^^' 

^tS'tV^*^^ (I) -t?^^^^2.2' ->7liFP^->-^.^-:^?ox>'-4.4' -V^y 
(2.2' -v^li Fn^i/:^ >'^^'^J->'^>') o 
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in^y^V (carotenoid. ^nf-y^ Ki:^>PfJm^) .^^^^/^^^ 
V^mm^nx^.^i (Pfander, H.. ed. , Key to Carotenoids^ ^Siv^jSmS' 

^i^E^fix^y). ^#<<7)m^55^'^^tt-cv^;s> (fzt^it. nmmm, nmmm. ^wm 

% Food style 21. 4. 53-55, 2000; Nishino. H. et al. Carotenoids in cancer che 
^oprewntion. Cancer Metastasis Rev. 21. 257-264. 2002^ Mayne ^I'j^ -^if^ 
e. carotenoids. and disease prevention in humans. FASEB J.. 10. 690-701. lyyo^ 

fzo ^fi.h(DiJ^TJ^r\t. iff-^nr-V (^-carotene. ^-^°t. . Jlut ^ 

. (lycopene, i; n If > ^> WtL^ : b-^h^^-bWm) . 

nl^y U -c;rotene, „ n ^ >- ^> I . ^Vj -f > ( ute 

i_ . .7,;_:j_;l.K;&^^ttm) > r^^d'^^y^y (astaxanthin: :^^T^. H§g|i^ 

Ti^m B-^ ')-:fV^'^y^> ( iS -cryptoxanthin : -^^m ^xy) mm) W> ^ 

^SC?.Ur0^S (ddyV^^W-aPg^^^f-;!^) Jf^^'l^j'-^vV^^-.^^^^^^^ 
-<K'&5#L*v>nvVn-;v-7^;^?:100%i:-t-*2:> t;^ ^ ^^^^ ^ ^^t* J ^'J^^ 

nucci E Ascherio. A., Rimm, E. B. , Stajupfer, M. J.. ColdlU. G. A WUlet. » 

C Intke of clten ds aad retinol in relation to risk of prostate cancer. J 
. v.. , iULdB-c UL . ^ jj ^ Serum lycope 

. National Cancer Institute ^7. 1767-1776 1995 Vogt 
ne other serum carotenoids, and risk of prostate cancer 
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. Am. J. Epidemiol. 155. 1023-1032, 2002#l!g) o tfzM^. ^-i^ Vf V ^■^>^> 
<7)lii^^^B;&^§&:i:75«l^v>ii:7&«§gib^^l'$tLOO^^ (Yuan, J.M.. Stram. D.O., Arakawa 
K. , Lee, H.P. and Yu M.C. , Dietary cryptoxanthin and reduced risk of lung cane 
er: the Singapore Chinese Health Study. Cancer Epidemiol. Biomarkers Prev. 12, 8 
90-898, 2003; Mannisto, S. et al. Dietary carotenoids and risk of lung cancer i 
n a pooled analysis of seven cohort studies. Cancer Epidemiol. Biomarkers Prev. 

13 40-48 2oo4#pi) o ^ h Km<o'^mMi^J>^i' ^ mm^^<^n^M^ ^p^m^m 

fztkit. i^OttltjlS (^-^^14^ (age-related macular degeneration)^ei*)^'5: 

if) ic^*>6^^=^T'§;&*nxy K{±> :fe*-emi-s*nxy-f Ko>f-e^ ;vx^> 

i:•^fT^•^J->'^><^*fcv^^^&:^75^^#$:^^•rv>;^> (Semba, R.D. and Dagnelie, G. , Ar 
e lutein and zeaxanthin conditionally essential nutrients for eye health? Med. 
Hypotheses 61. 465-472, 2003; Mazaffarieh, M. . Sacu, S. and Wedrich, A., The ro 
le of the carotenoids, lutein and zeaxanthin, in protecting against age-related 
macular degeneration: A review based on controversial evidence. Nutr. J., 2, 20, 

2003#fig) o 
[0 0 0 41 

jjj.±o^^ii. 6ooa«j':J.Ji*^*axy ^ v<D^-^. mm^Wimmi^^m^^fzu^ji' 

[0 0 0 5] 

fzmM^izB'm^xB&Jt-f-^iJ^T" y ^ Y^§r-^§EM1r^-^'{kifi^^hf^^o tzt^\t 

jx--f^V^ (Candida utilis) r^y n y K^^^it^S^S^^^X • fl^^-^^-C, 
U 3^>'^7.8 mg/g (^4S) ^l^^^^<D\Z^-^'Lfz (Shimada, H. , Kondo, K. . Fras 
er, P. D., Miura. Y., Saito. T. , and Misawa, N. , Increased carotene id production 
by the foood yeast Candida utilis through metabolic engineering of the isopreno 
id pathway. Appl. Environ. Microbiol., 64, 2676-2680, 1998) o iOstfe?-mmx-^ 

S fcv^"9^-^L:5*^:*^o^->'"''7>'°'^"^^"^^ (parasiloxanthin) '^BM^-'kl^MX^ 
^iUUT-y ^ VM<\^thX^Ml^fz (Takaichi. S. . Sandmann, G. . Schnurr, G. . Satom 
i. Y. , Suzuki, A., and Misawa, N. The carotenoid 7, 8-dihydro-^ end group can be 
cycl'ized by the lycopene cyclases from the bacterium Erwinia uredovora and the 
higher plant Capsicum annuum . Eur. J. Biochem. , 241, 291-296, 1996) o t-fz. 

x^mwim^i)mT!)--^fz "w^mm" (oijuy-y vxh^r^^^^^^^y-^-'^^ 

;V=i'>K (astaxanthin-i8-diglucoside) •^m.^Li^Umx^^^^tzt^^^^m^^-^^ 
(Yokoyama, A., Shizuri, Y. . and Misawa, N. . Production of new carotenpids. astax 
anthin glucosides, by Escherichia coli transformants carrying carotenoid biosynt 
hetic genes. Tetrahed. Lett., 39, 3709-3712. 1998) o 

10 0 0 6] _ w V. 

^m<r>iju7-j^ Y^Mmim:^^^m<o\^m\zwLii]u<mm^f^x^fz-^uTy y 

^-^^KitfS^Ji. ■< -T (Erwinia)M« i^J'^'^ ^ • V K^J (E rwinia u 

redovora) mi fi5feOfe<^-C*^o :^J\^'^ ^ :=-TmWmif*hW^'^^'^-^iT^^^^- 
crtB. crtl. crtY . crtZ . crtX <om^=ihX%^^ itL<5>Ostfs^*^=i - 
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m (CrtE. CrtB. Crtl. CrtY, CrtZ> CrtX) <7)M{±I1I tLTV^-S (i^^K^rfc^l 

im) o 7x^^-9- ^^^-^ mwmM'^^^'^-^y^y^ 

7. "(Paracoccus) WMM [Paracoccus sp. MBIC 01143 (Agrobacterium aurantiacum ) ^ 
] SJ^OcrtW miF^it^-SlM-^^^ (HI) o v iJ 7.mM%ti^h\t. crtB. crtl. c 

rtY. crtZ. crtW (^5ilfEi^5&>'#^$ tLTV^^ (^mfPltm 1 o crtB_. crti. cg| 

m^tE. crtB, crtl^ crtYil{5^^*«A • ^ ° ^^^-^J* 

^ ?|;fctT-lc^'n-::.>'^'$«tgj»^^ti./i, i 6<J<^/ci6 l-j«ffl-e ^ ;|> * n 7- / 
^7V>'V>i5'-^f) > crtE (gns. airS) (>>'7^;v^7^;n^n u ^ . 

■^T" crtP ( pdsl) (7-^ : 2 0(7)rE®'a-#*n) . crtQ (zds) ( 

f_5it^F>T'-9-f-i^— H : 2 O(7)-m^'^#in>S:fc:0 . crti (ghodobacterSMS* 

) , crtI (^-f Yj^y^'f^^^^-^' 4o<^z:^^'^#jtJnS:)Sfccis-transM'a'fb^JS 

) ^ in {y^ hJE.yT'-i?-f^^7--fe* : 5o<^-s^'g-#inRJ^>tcij.-transM'tt'fl:RJiS 

) mY (crtL-)S) (yrJ^^ ^->^7-^*) . crtL- e (V ' "'^^^ ""^l , 

crtYiT c; ^-^y . crtU {fi-:^UT>r'^^^y—^) > cxtZ C 

^fll^xVli Kni^'>7— If ; i8-C3-li tf) . crtW (bkt) 

Y^-^; ^-C^-t^i^ri---^) . crtO ( Svnechocvstis sp. PCC6803fi5ft<^ ^) 
-:;t;nx>'^/-^r . crtX {^T^^y^yi^}^^^'^^^^^''^'^'^'^'-^^ > ^ 

rtC Kn^->y-f 4^ V i5'--b*) > crtD h 4r -> ^ ^ n X V V t'-i?-^ ^ 

T^-lf) . crtF Kni^^'>y nj^sJ^W o-^ ■^^l' h 9 "7 ^ 7 -^f) > crtA ^7. 
yscUyfVy'^yt^i/yi--'^) > crtEb (U n^yain >:^f--if) . crtYe/Yf (■r:^' 
•/Vy ^■iJ-:/-^>>'>'i5'--fe*) ^ zeEl (^T^'^y^y^^'^^y^-'^) - ^'^^ £cs ( 
yy;nf :/ v.>^--tf) -cab^ (Lee, P.C. and Schmidt-Dannert, C. , 
Metabolic engineering towards biotechnological production of carotenoids in micr 
oorganisms. Appl. Microbiol. Biotechnol. 60. 1-11, 2002; Teramoto. M. . Takaichi 
, S.. Inomata. Y. , Ikenaga. H. and Misawa, N. Structural and functional analysis 
'of a lycopene ^-monocyclase gene isolated from a unique marine bacterium that 
produces myxol. FEES Lett. 545. 120-126. 2003#M) o ^^^^fe^nx^-f h'^i^mm 

ym urn) ^y^-fh^riT7 -i K (nix'ji. p-iju^y^ ^r^'^y^y. iiy^s^^ 
^y^y. TT^^^'^y'f-y^) ■c*s**> p-'<:^7ym^m^t-r^mmmiU=¥-i±. p- 

J yM.-^- liKn^'>7-^? (/? -C3-hydroxy 1 ase) (CrtZ) h^-^-^Jy ^-4-^ h 
9--^f (fl-C4-ketolase) (CrtW) ^ n - F-T^ilfSi^ tLTV^=&V^o ^^(0^- 

crtZ7&n990¥t^. crtW;&n995^t:i-¥->» ^l3l#^tL *itmif $ tL'CV>;5,o ^- 
^^-2-li Kn^S/^-^fjl^T-Ji^ y ;^ h^-^J-V-^^ (nostoxanthin) ^- 
>f >^lC:fefrt*2'e<^^^**7fcm'fb$tL/c*n-r>' K<^^^lojl2^^-C*>S t#x. P> 
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> 7 ^ ;v t ii tl147&-^^ i < * o T is 0 . 1*1 i5 frt ^ ^SMtt i «5 ^ o -C v> ^ 

UUT^^ Vm^mm^m.^^ W<7)Yuan. J.M.. Stram, 0. . Arakawa K Le 

e HP andYuM.C.. Cancer Epidemiol. Biomarkers Prev. 12. 890-898. 2003^ mian 
nisto.'s. et al, Cancer Epidemiol. Biomarkers Prev. 13. 40-48. 2004) o ^Oir,^ 
:^*j,mii«_p5;nT->t?tiM.i6e>tLTV^*V^o t.tz. p-iJUT^cOZ (3* ) k<^M:^25 

^tLTV^<5>o -lfT^^>^><^4 (4' ) ^<^M:^(^^ ^ >^^^'2o i: <^ > 

xhho -mm-. j7.\-^^y^y(Di^\z.. ^-^^y>^(D2 (2- ) ^os^m^^ 

[##tt^:fcmil Misawa, N. . Satomi. Y. . Kondo, K. . Yokoyama. A., Kajiwara. S 
Saito T., Ohtani. T. . and Miki. W.. Structure and functional analysis of 
k marine bacterial carotenoid biosynthesis gene cluster and astaxanthin bio 
synthetic pathway proposed at the gene level. J. Bacteriol.. 177, 6575-6584 

1995) 

'[##fF:5:m2l Yokoyama. A., Miki. W., Izumida, H. . and Shizuri, Y. . New tr 
ihydroxy-keto-carotenoids isolated from an astaxanthin-producing marine bact 
erium. Biosci. Biotech. Bioche., 60. 200-203, 1996) 

^^^^^hlt. fft#^W7'V/^>'7''f (Brevundimonas sp. ) SD-212^ (MBIC 

03018) 76^ 2-liKn^>^T>^^^^Vf->'^2-tiKn^v'Th-J-9->^'^2^. p-^ 
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t y ym.-2- 11 F n 7 - -If) ^ =' - F-r a{5T-*iH:#-C'?D4e> t:i)t#f s - t^^^Jj 

- T • '^VF**^ (Erwinia uredovora) ^] 0=^fe#DNA=Srfflv^-C. :k:)ir«i:::felt^ 
UT-JA Fm^»®) fflmt^^DT-y-f F^^^itfe^-f^^^^^-^J 

^fi^^lr^ crtB crtl. crtY. crtZ«^5^ 1 #M) ^^'f i^^^^J ^Jtr^^v 
i3V^T^^Ji. 'fe7&^'^<bLyi^><^(i#'btL^^^>o^(^T-. 700^*lt«b. HPLC-PDA (7* 

ir^7?V^>7"9-^^^— If (crti) iti5^^^':^nxy^ F^^mMT-2o(D^ 

X Tv^^yr^^'ry^m^-2\2i^(opk^wmk^mm.t\.fz^c^^'<-y<:>fzh^^. i.ikb 

i fcX^^o/Co C<^crtI§P^@e^JifH-*:^n-:ftL-C. SD-212^on^. F -7 ^ ^ ^ 
V-*fflv^f'3n— --'N^:/'; > (colony hybridization) iJ -=> tz ii y~ 

;^>?U^T5-v'^> (Southern hybridization) S*fTV>. ^^012 kb<7)EcoRIODN 

Aifn-=^#^Co i6012 kb<^)EcoRI»f>tOi^Sie^J=S:^^^^-^-^> ^^L-^^^,; 
ifM-|^t^*i='xy^ F^-a-^afST-S^ [@E:i¥Ocrt»<5^ (61i) Xfiidiilfe^ (1^)^ 
5j,^nv-:ei52b^0RF (:t--^>V -r-f I'-A, open reading frame) 7 "OJ 

-!> ^^§9 lb i: ^: o />:o ^ - <^12 kbOEcoRI»fitl*I fi> *^J0^,&^5o 

^:bfz^<D^y7.Y^i^}^^i^m.\.fzo -euT. ^)\^^^=:-rmmm^fz\±r^'7^y*^ 

^ ^ n - o ^6i@ <^)ORF(i^M >)(D^tg^^-r^:*a-ry^h (crt) ^ 
[0013] 

10 0 141 . ^ 

fiP*,. :$:f&H^{±. J^IT<^ (1) ~ (9) ^^^ir ^ %><D'Q^ho 
(1) J^ITO (a) , (b) ^ Xti (c) K7^-t-<f^y'. 

(a) BB^J#-^4fBmOT5^miS^J^^^'^*^^^>^ A,>fc 

(b) ea^j#^4famo75/mia^Jt^:fev^-ci 'j>L<{i:igM<^T5ym*-#in. 
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(2) i^J.T<^ (a) . (b) . X(i (c) H^i"-^:/^ K=Sr Kf -Sstfe^^- : 
( a ) IB^iJ*-^ 4 fBm<7> T ^ y mSB^^J ^ ^ ^ ^ K> 

( b ) mm^ 4 %m<o mse^J icis v^t 1 ^ t < ii^mffl^^r ^ ^ 

>m-2- 1: K o 9 - -IfMtt ^ -/-^ Ko 

(3) (2) «m<7)a^^-=^»XLT#P>tt;5,m^t/t?*oT. ^--f:ty vm<^2ii<^ 

(4) (2) \,zWM(Dmi^=^-'^. ^(OiJUT-^ Y^^^m.Mi^hti>\zmX\^-C^hn 

mi:^^ (4) m2«<7)||t^t/o 

(6) W^mifii^^MX-h^h^t-^iW^^lr^ (3) 7!/^ (5) lciBm<^0^%o 

(7) (3) 7!r^ (6) trfBftom^^^Sr. J&Ak-CJ$«LT:^««{im#:0^'b /?-^ ^ 

(8) B-4^jy'm<02U<DmMifiyY-mt'^i'^tziJUT^-(Yi)K ^ . p-iJnT>-2-:i- 
(2-t KD^->-i8-*n7^» . ^, ^-iJUT>-2,2' -i^t-)^ (2,2' -i^H Kn 

> (2.2' -zy'\^Vu^iy^T^^>^y) . 2-li Kndpv'-^, ^-*n7->'-4.4' -v:^> 
y^Sr^^y^y) . 2.2' H Kn ^v'-yS . :/-4.4' ->^:^> 

(2 2' -v?t: Fnii^->3& y^'^^^-^V) ^ 2-ti K^dr^/7;^^'^*^^>^>> 2,3,2' ,3 
' -'xh^li Kn:¥'>-^.^-*nx>-4,4' (2.2' -vt Fn^->T>^ 

f-^) -e^Si t^^^miii-^ (7) icfB^cT^TKm-fb^n/c^nxy ^ K<^m^t&o 

(9) TIBO-fk^W^^ (I) -e^^tt^if5^>fb-^%2,2' -vt Kodrv-^, ^-:^?n7-> 
-4,4' -^J^y (2.2' -yn Kn^^v-* o 

[0 0 15] 

Hb2l 




10 0 16] 

1. itfSl=-^!r.60?fe#M-/V^^>r'^ ^■i->^«SD-212 (MBIC 03018) 

@fi<ji:-^-^iifEi^O'8^^llit!feo/v:f*#^B:^V^^>"r''f (Brevundimonas sp 

) SD-212 W (SD212;MBIC 03018) it. j/clU^iJ^OTfeTKff J: "J^gt^tLyJ: or-^ny-^e-/^ 
i^rVTT'*)S„ GC-g-*{i67.1 (mol) %-e**o ^jcfft^SBltdM^^^nxy ^ Kt±> 2-li 

miE#2 004-3115777 



#M 2004-165919 



7/ 



K^i^^->T;^^^•*^>^> (2-hydroxyastaxanthin) ^2-}^ Vxi V=-^-^>^> ( 

2-hydroxyadanixanthin) ^<D2& (2' t::7Km»^^^«A^ ti/^:^ nr / >f b^^^^^^ 

W o ^;i3> MBIC 03018tLX (*^) :^7^i^ ^ ti'J~m^m^^<^ 

y -> 3 >'#-^AB016849s AB014993t t-CGenBank/DDBJt::^^$tUTV>^o 

2/w,Ml7'V/N*>'T^'f ^^^JSSD-212 ^t::^tt^:^'n-ry ^ K^-^jSi^^^Tj^t^ 
UWM'My^^^>"7'^'^'t:^M (Brevundimonas sp. ) SD-212 ^ (MBIC 03018) i)^^M 

t^. 2^ (2' m K7mm^mx^fiti:^^T>^^ va. m\iihi'iorw\^<^^^ 

tttv^^ imi^^Xm^m) o ^fihit. 2.3.2' .3' -xh^nKn^v-^.^-^nT- 
>-4 4' -'J^y (2,3.2' ,3' -tetrahydroxy- . -carotene-4, 4' -dione) > 2,3.2 . 
3. Jy- Y^}^ . j3-iJUT y-A-ir y (2, 3, 2' , 3' -tetrahydroxy- ^ , ^ -carot 

en-4-one) 2-liKn^vTX:5'^-9->'f-^' (2-hydroxyastaxanthin ; 2, 3, 3' -trihydr 
oxy-fl./9-carotene-4,4' -dione) > 2-\^ Vu^-yT V=-^^y'f-> (2-hydroxyadonixa 
nthin;2,3. 3' -trihydroxy-^ . )8-caroten-4-one) . :r.V7.u^^y^y (erythroxan 
thin- 3 2' 3' -trihydroxy- /? , ^-caroten-4-one) X^^^ (I12#M) o tfz^ SD-212 

mzli.'mmi^^tvx. T7.^^^y^y^Tr=-^^y^y 
xm^(DCvmmt<Dm.^^i^J:^^^ ±m<oir^x<D:^u7^yy( v(D^^^m^^m2<DX 

[0 0 181 

3 /3--f ^ y >'SS-2-li Kn^->9--1f =^3- K-T^itiS^^- (3^%0J<7)stfe^) 
i^^B^tiii. iy.TO (a) . (b) . Zfi (c) tc^-T-^:^^ F:6^^^^ tt^o 

(a) @S«-^4lBm<^T^ymiS^j5&^'b'S:^^"7'^K. 

(b) SS^J#^4|Bm<7)T5ymiE^Jt^:fe^^"^l ^>l-< ^^^'f®^^^^^^*'™^ 

(c) SE»-^3lB«om»i5^j5&^'b=&^DNAXl±'?-tLt)fflttftj^DNAi::5^ h >'v^>' h 

J^J.T<^ (a) , (b) . Xti (c) tc^-r-^7'^K«r3-Ki-^S 

(a) iB^lJ#-^4|B«<^T5>'M@^^J:**^^'5>^■^^^^ 

( b ) ia^j#-^ 4 ia«t<?? T ^ ^ mwm 53 -ri l < sj^m <7) t 5 y mT&Mj-tp. 

( c ) SB^J#-^ 3 K«(^:^^@£^J:0-'b *SDNAXti-?■^^^:ffi^t6<^*DNAt >^ h V y y ^ > > 
[0 0 2 01 

(a) (?5^^f-Ktt> y W^^T'-f ^:^;^^SD-212^>&^e)#^^tL/c/3--^ >#-2-li 

lf®1tSr>&-r&257<i<^75/miB?iJj6-'b**^-/^K (CrtVii "felt^^) "C 

2b ^ o 

(b) ^l>i:?'-^ Ktt> (a) O^y-f-KlC. ^->f >m-2-t Kn^i/7--tffS'l4^ 
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^Wm&'^Mmm^m (Nucleic Acids Res. 10. 6487-6500, 1982) if Sr^lf ^ - 
[0 0 2 2 1 

0kmt iit. rixssc. o.i%SDS. 37X:J ^K-e*^). L<t± ro.sxssc, 0.1%S 

DS 42^1 S^-e^i?. L'<{i ro.2xSSC. 0.1%SDS. 65rj nW.-^h^o ^^-( 

=fc^°|:AB^OilfS?-X-^;i>^->f:j-^>m-2-ti Kn^'>7— If (crtV) it<K^*^tf 
yV/N*:<'f'-Y^f-;^JRSD-212=»(^*nxy -f K^'^^®fST-g^^'^tfl2 kb EcoRI DNAif 
M-^^«W^=5^^-pBluescript II KS-IC#A$ tL/i^v Kp5Bre2-15^;t-r 
«t±^fe«-tP-19580 1 LTrnfi^igcSA^H^tT^^^^R^^K^^'^^K^-t ^ " 

[0 0 2 51 _ 

4 >m(752e (2' m 0^*i'7Km»^SA^^^m« 

m^j^-e$)oT. ^->f :a-/>m<^2e<^R^t'7Km^^SA-e§>s«^i^'i>-^ttL^o 

[0 0 2 6] 
[0 0 2 7] 

K^^^SfSi-ti. 7r;v^'>;vt?ni;>m (FP?) '^^^ ^"^ If '^^f 

fifr-f-^^^SfST-crtE. 2:S'^(7)GGPPyi^jb7^ (phytoene) i^mT^MU^crt^ 

V^lyyD-hT^^y (lycopene) =^-8-^-^ ^JlfS^crti. ^) ^ i)> h ^ -iJ n t 
y (^-carotene) ^^^cf^iKS^crtY (St. ^ ^T««S5^0 ^> 2" 

[0 0 2 9] 
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t^iJUT^^ Vm^^^^m^z. :$:%BJOia{£^ >m-2-fc Kn^i/-7--fe'«r 

3-K-r;sitt'^5^•^ crtv) i^h^mx-^m^^fii^^ -e<^m^t»t±2e (2' ia) j^tK 

0^.^«t::faife$^i'"^^"^^'^ (/v:i:x.{^. Sambrook. J., Russel.D. W. , Molecular CI 
oning A Laboratory Manual. 3"^ Edition. CSHL Press, 2001) > ^flhK^o-^^i^ 

[0 0 3 11 

5. 2^ (2' m Kim^-^^MX^i'iti^UT'^ y( Fomitft 

10 0 3 2] ^ _ , o 

{2-^^Yu^=y-p-iJUTV) , p , p U7->-2,r (2.2' -i^liK 

^> (2 2' Kni^~>^fT^-9->^>) . 2-li Kn^ v-/?, y9-:* n7->'-4.4' -V-^ 

y {Z-\Lrx2^=yiiy9^^v^y) . 2.2' -yt Knie>'-y5. ^-*nx:^-4.4' -S^^ 
> (2 2' -i^H KD^->?&>^^'9->'f-:^) > 2-11 Knc3ryTA5'^-<J->'^:^. 2,3,2' , 
3' h^H KDiS^'>-y8. ^-5!7nr>'-4.4' (2.2' -vt K^^'>T;^^J'^•^^>' 

[0 0 3 3] 
[0 0 3 41 

BB^J#-tl : 7'V^^^7''f^:^^JiSD-212*feOcrtI»fE^=-<^a5:0-ie^Jo 
[0 0 3 51 

IB^IJ*-^ 2 : EcoRI -epCos5-2>0^'b^ <9 m ^ tL/il2 kb<7)if>T-<^IB^Jo 
SB^J#-|3^:±IBEcoRI»fJtlw'^ttLS0KFll ( /S-f =3" ^ >m-2-t: K n ^ -> 7 - -fe'ite 

[0 0 3 7] 

@E^J#-^ 4 : 0RFll7&«=i - Ki-S T ^ ^IB^Jo 
[0 0 3 8] 

iai?!l#-f-5 : 0RFi<7)±iipsffi<^7°7'f -7- (7*7- K) 

iB^J#-i-6 : 0RFlOiiiIisfflO>^7-f -7- (U^^'-^) 

@e^iJ#-^7 : crtwc^tjiUffio-z^^-^- (^^^-K) 

BB^J#-i-8 : crtW<^>iii|iffiO-/7^'7- (';^^'-^) 
Sfi^J#-t9 : crtYOiiilisfli<7)7'7-f V- (7*7-K) 
15^J#-t 1 0 : crtY<^iiiliMffl0 7'7-f-^- 
@B^J#-^1 1 : crtl(Dmm<0-fy ^ (-7*7- K) 
iB?iJ#-^i 2 : crtl<^iii|ifflo:/7-f7- (U^'^-;^) 

jip.gii^-^i 3 : cTt3<Dmmmo-fy^'^- ("^^v-k) 

@a^J#-^l 5 : 0RF6<7)ii$lffl(^7'9-f-7- (7*7- K) 

HB^J#-^1 7 : 0RF7OiiiIiffl<^>"/7-f (7*7- K) 
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9 : crtE(Dm^m(D'f^ ^ •7- (7*7- K) 

@B^J#-t2 3 : crtZ<^iii|'affi«^>7'7^-^- (7*7- K) 
@5^J#-^2 4 : crtZO ijijiSffl g> :/ 7 W v - (V^"^-;^) 
ie^J#-f-2 5 : 0RFll<^liitiMffl<^7'7-f (7*7-K) 

IB^J#-t2 7 : 0RF12OJiili§ffl<^7'7^ V- (7*7-K) 
[0 0 3 91 

[0 0 4 1] 

2^|^Wi::fflv>P,tL/cm=^i:-/9>^5 K=Sr^n^^i-o W*Oi^«{±30 CeLB (Luna-Be 
rtani) ^ibt^ct±. 2XYm:te (Sambrook et al., 1989) =&ffl v^Ttro /co 'BWli^JBC 

T^tfi^U^ (ampicillin; Ap , 100;/g/inl) tfc{i> n 9 A 7 j^- 3-;^ (chlo 
ramphenicol ; Cm, 20 //g/ml) ^:^:tet^^SP L/io 
[0 0 4 21 

*:^i5'^-9->'-^>S*ffl7°9;^5 FpAC-Cantha. :S:?^T>^ ^ TK-^-^^-> 

3 5^ iJ^MMlC 01143 ( Agrobacterium aurantiacum ) fi*<^crtW SfS^^^r . 
if^Vf'f^-^-T-'f U;^ ( Candida utilis ) <DGP^mi^^<D::x V-^mmK^^^r^ 

Miuraet al.. 1998) l^^^tLTV^^o ClO^-a-^^ tL/^crtllE^J^I^Mt:: LT. H1437 
[Aval^fi (T^) . SDSB^J (H1437<^10-15#g <^Se^J) ^r^^tr] fcH1438 [NotI«B^ ( 

, 0.76 kb AvaI-crtl-NotIIBf>T-^#/io 

H1437 : 5'-GTCCCGAGAAGGAGGCTAGATATGTCCGCTCACGCTTTGC-3' 

H1438 • 5'-CGGCGGCCGCCCGGGACTAAGCGGTGTCACCCTTGGTTCT-3* 

Zfyy^< FpCARie (Misawa et al., 1990) ^mMizLX^ H1431 [Notl^^^ {Tm)_ 

smm (Hi43i<^i6-2ii=a<75@e^j) ^^tfi tnusz [Saim<£ (t^) ^^t^} 

V-7-=&^v^-rPCR=Sr^TV^. ^fjtLfcPCRjgJ^^rNotl^Sall'^^^l-"^- 1. 1 kb Notl-crtE 
-SalIifH-^#^-o 

H1431 : Fi' -A TGCGGCCGCT TATAAGGACAGCCCGAATG-3' 
H1432 : R' -C AGTCGACA TCCTTAACTGACGGCAGCGAG-3' 
[0 0 4 41 

±|a<?50.76 kb Aval-crtW-NotlDfJtjil.l kb NotI-crtE-SalIK'fH"=S:NotISi5^'^^^'^ 
^^L. pACCAR16AcrtX=SrAvaI/SalIM^bL-C#?>ttit. crtY. cill, crtB*^tt-S:^»f 
M- fcS^'f * c: a: I- J: >9 . 7^7 J:^ 5 FpAC-Cantha=£r»^o 
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[0 0 4 51 

^hK mm^±M<O0. 76 kb Aval-crtW-Notlifit 1. 1 kb Notl-crtE-SailSffit ^Not 
m&^^LX^^L. pACCAR25AcrtX^AvaI/SaIlYmbLT#^tL/i. crtY. crtl. crtB 
. crtZ ^ ;t j- ^ ^ifJt t jSjg-r & CI h J: i9 . FpAC-Asta«:#^Co 
[0 0 4 6] 
[^1] 



its* 



Brevundimonas sp. MBIC03018 
Escherichia coU XLl -Blue MR 
E. colt DHSOf 



aXSK^i?^'^. SuperCosI 1S± 



Yokoyama et al. 1996 

Stratagene 

TOYOBO 



pACCARieAcrtX 
pACCAR25AcrtX 
pAG'Oantha 
pAG-Asta 
SuperOos 1 
pBiuescript 11 KS- 
pGEM-T Easy 
pUC18 
pCos5-2 

pCRTl-S0212 

p5Bre2-15 

pUCBre-011 



Cm\ crtE . crtB. crtl. crtY ^-^t^^^^XSK 
Cm^ CrtE, CrtB . crtl . crtY. crtZ.£'&t?:?5XSK 
Cm% CrtE. CrtB. crtl, ortY. crtW.$#t?:^^X5K 
Cm', crtE. CrtB. crtl. crtY. crtZ , crtW $$t?:::^^X5K 
Ap^ aXSK^-i?^— 
Ap^ ^P— =.>^'<^7^— 
Ap^ -570— 

Ap'. i^n— — >i^'<i?4i— 

Ap^ Brevundimonas sp. MBIC03018 W&^O 47 kb 0) DNA 
Bf)t(Sau3AI T*SB»ttl^5g<b*ttfct<D)3&< SuperOos 1 <D 
BamH I ffltStlCff A**tfcti<Z> 

Ap^ Brevundimonas s p. MBIC03018 crU *^ PCR-Clt 

♦M* *t pGEM-T Easy !C#A*+bfc4i<Z) 

Ap^ pCos5-2 ^3fea) 12 kb (D EcoRl Br>T"A^ pBiuescript II 

KS-|Z»A*tlfcta> 

Ap^ p5Bre2-15 2-7K®<b»«iie^A^POR-eii4«@ 
$tt. pUG18 IzjgAg?4xfc4>g) 



Misawa etal. 1995 
Misawa etal. 1995 

Stratagene 
TOYOBO 
Promega 
TOYOBO 



* Ap^ ampicilHn Cm', chloramphenicol BBtt 



Miura. Y.. Kondo. K.. Saito. T. . Shimada. H. , Eraser. P. D. . Misawa Production 
of the carotenoids lycopene. yS -carotene, and astaxanthin in the food yeast Caid 
ida utilis. N.. Appl. Environ. Microbiol.. 64. 1226-1229. 1998 „ , 

Mila^^. Nakagawa. M. . Kobayashi. K.. Yamano. S.. Izawa. Y. Nakamura K. . and 
Harashima, K. . Elucidation of the Erwinia uredovora carotenoid biosynthetic pat 
hway by the functional analysis of gene products expressed m Escherichia coli. 
J. Bacteriol.. 172. 6704-6712, 1990 , • . i v 

Sambrook, J.. Fritsch. E. F. . and Man i at is T. 1989. Molecular cloning^ 
ory manual. 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y 

Yokoyama. A., Miki, W. . Izumida. H.. Shizuri. Y. 1996. New Trihydroxy-keto- caro 
tenoids isolated from an astaxanthin-producing marine bacterium. Biosci. Biotech 
nol. Biochem. 60. 200-203. 1996 (##fF:S:i^2) . 
Misawa, N. , Satomi. Y. , Kondo, K. , Yokoyama, A.. Kajiwara. S.. Saito. T., Ohtani 
T and Miki, W., Structure and functional analysis of a marine bacterial caro 
teno'id biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed a 
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t the gene level. J. Bacterid. 177. 6575-6585, 1995 mmWfXm) 
10 0 4 7] 

M'^^Wi. lifi£<^Sambrook?> (1989) OMolecular Cloning (M^<^XW i'TPC^tt/j: 
[0 0 4 81 

7*^'/s■yf•V^:^;=^m ( Brevundimonas sp.) SD-212 ^ (SD212 ; MBIC 03018) *300 m 
l<7)Marine Broth (MB)« (Difco) "CBSr, 3BF5^«L/io "g^'Sr^Wm. STE^«?K 
(100 mM NaCl. 10 mM Tris • HCI. 1 mM EDTA. pH 8.0) T-HHI'^^L. 68t:-ei5^Ki^ 
$!kS^:Ly::tfe> 5 mg/ml coVV'^-A (Sigma) i:100 g/ml cDRNase A (Sigma) =S:-i-tfI 
m. (50 mM 25 mM Tris • HCI. 10 mM EDTA. pH 8.0) Lfco 37t:-C— ^ 

>dS-j.^- h t/wt^. 250 ;£/g/mUr^;5> J; d tdProtenase K (Sigma) *jJDx.> 37'C-ei 
0^^^- h L/io ? ^ lC:^*l-jtK/6n% ic^;g> J: ^ i'N-Lauroylsarcosin • Na^S: 

. WJti^Dti i ^^i^^^i;^^t^M^l'^^t^37rT-3^F«1l' '^^/-o,^^ 

f^. 2 mKDTE^mm. (10 mM Tris • HCI. 1 mM EDTA. pH 8.0) KmMLX^ ^fe^DNA^ 

mmm'} ^ ^?cm K2:^y^ v^^-yr^i-^^- at^^ (crti) (DU»m)^<omm 

iiUT-y^ YW.^MMf^<oy ^ hJ^y'r-^^^y—^ (phytoene desaturase ; 7 b 
:x.>Uii^mmm) st^S^=-(ci±I)0*||WH4=^flJfflLT#iba/ccrtI-Foy9'f7- (5' -TTY 
GAY GCI GGI CCI ACI GT -3' ) . crtI-Re-/9 ^ (5' -CCI GGR TGI GTI CCI GCI C 

c-3' ) ^^^L. mihi^fzyjmKxrinhfLfz^ y-u^^yr^ ^•r:^msT)-2i2^(Dm^ 

mm^mmtLXm^-. ?CRm^i^^mmLfZo iH-^14DNA>}^U^^-^ft±La-Taq (TaKaR 
a)*ffivs 96*C-e5^M^^14m. 98X:-e20^3?> 58t:-t?30#\ 72X:-ei^<^^#-C35^^ ^ 

})y<Dmm'tn^fzo mmmma. i% T:ffu-:^r)i^m^m.mxmm^k. i.i kh<D^-^m 

NA=lrT?5fn-y<.y;i/;6»<b^^tfiL, fSM (Qiagene Gel Extraction kit^ QIAGENE^ i>L 
< iiGene Clean II Kit. BIOlOl) ^^f o/Co m^^flfzWm^fit. pGEM-T Easyt'^^t 
izmm (DH5«) ^MWnmLfZo ^<7)f^:^^ K«rpCRTI-SD212fciSo'lt. T>t-> 

u >«rmtnt/c2 mi<DLB^^*&«i-e37'c. -H^^«m> y^;^^ v^nmLfzo tttB^tL 

fz-fyy^^ Kti Big Dye Terminator Cycle Sequencing Ready Reaction Kit ver.2 (Per 
kin-Elmer) ^ model 3700 DNA sequencer (Perkin-Elmer) =S:fflvM^m<^^n > =r-;Vl'^ 

-ox^m^n {u^wm) <^)^^*^fo/co ^^"^fifzmkwm (ie^j#-^i) jiBiast (a 

Itschul andLipman, 1990) ^fflv^^^n v-^^^^f ^ yx.yr^^:^y-^ (phy 
toene desaturase) it{S^(crtI) -i-^n v- ^^oMASlfit-e*^ C =£:lS^.L/io ^ 

fz^ Yomk. m^^fifzmmi^<r>-mmmw. ^\,z7^ir^u:=.-^^>Czr^)^^^-'yB 
y. -y-f >'^^^ -if-v' 3 y<r>-f'ci — -f>i LTfflv^yio 

Altschul, S. F. andLipman, D. J., Protein database search for multiple alignmen 
ts. Proc. Natl. Acad. Sci. USA 87, 5509-5513, 1990. 
10 0 5 0] 

i%wmi •o.T.^'^y ^-fv')- (o^tm 

t?<7)|li^:friStiStratagenett<^SuperCos 1 Cosmid Vector Kit(DMWLU^^i^^oX^^ 
fzo ■t^^b-t.y V/N-VT'-f ^:^;^JRSD-212^7&-ib^#'btt;t^fe#DNA'S:Sau3AI-e^^tmb 
^^V^:3>?.$ K^<^ ^ - OBassmU^^^M^ LAMBDA INN (Nippon Gene) tfflv>t:7 r 
- ~J&^ K^'^y^-^Jy^Ltio L T . :^lirB ( Escherichia coil) XLl-Blue MR^*, 
S.tJf> -fyy^^ KpACCAR25AcrtXS-^* T^•^^>'f•>S:f^*:fcJI^BXLl-Blue MR<*1'. 
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iOnl^V-J^^'-SuperCos 1 (Stratagene) i±7.9 kh(D-<^ ^ -X^SO'-AS kb^DNA 

x< n ^ ^ K 3 > T V - -^r - V y c fc i6 (^flji V ym^mm'^f^mx^^ y) 

[0 0 5 21 

r^j^'^J6l ^3E|.^ o — — ;x ^otSio^ 

^WJS-^'WL/cT-^^^ KpACCAR25AcrtX^#.;S. T ^ "^^^^ > ^ fP 
^hV-e^ar^-f Kfe^=^»mi-^^t^^ HPLC-PDA (7 * h ^W; ^- K T V ^ Itffi^) ^ 

[0 0 5 3] 

^ifefiJ5T'>f^S^t/c:^MXLl-Blue MR'^^^ t LT#fiL/i n;^ ^ K U --500 

(crti) (^f|55-»fM-^-/n-y^:LT. =rn::i-/N>f ^^■fe--'> a > (coloi^ h^J 
ridi^on) ft=^^fv^ crtI»<5T=Sr^t.^'n->22^U-^>'^J:tro^o ti-> ^ 

n--fo«x.#lt7to -B^fe^*^^ il:#82mmOHybond-N+>>:7*V>' (^ersham Pham 

acia) =^7^^- -aMit-egen^^oit/co ^yyi^ykit^^L. mm-nmLfi 

M=^-h^^|S]tt> 10% SDSM^^^/i3 mm^^ (Whattman) Xb^m-( y ^ V^k. 
^hK^'^mm (l.SMNaCl. O.SMNaOH) ^^A.fiSmm:bm.X'5^m^y^^-^- >^ 
fi^v^ ^<D^^y':ruy^^mWL (l.SMNaCl. 0.5M Tris • HCl) K5^m<^nfz (20) 

y'^vy^^<;^i-^fzo mm'ik. ^yy-i^ya. ^A^:t;v. ^2.v 4 f±x30^mm 

mk 2>0X:X2nn^-^^y^ (baking) =Srtrv^. ^ >-/V'>'lcDNA«r@^byt:o -^^n-r 
DNAfi. Alkphos Direct Labeling and Detection System (Amersham Pharmacia) *^v^> 

V\mm(7y^^-y^-^h^ y^v:^yr^^^^-^m=K^ (crti) (ou^mik^f^ 

hfitio m<0^-'y7-^-zr^'a-y \Z.-^^'f S y 7 X ^ K * . pCos5-U pCos5-2, pCo 
s7-K pCos8-U pCos9-l. pCoslO-li:^-s?lt/Co 
10 0 5 4] 

mmixm^^f^iz. eoo^-vx-r -T-i^D-y^r. Ap«:^iraL^2 mlOLB?0L#^^-e 
37^: -|jfe^&«U^m. ^7:^5 KDNA«:»mL/Co WtB^^<^:^9>^ ^ KDNAti. EcoRIt?3 
7'C^'i&^W'f > L> m»i&^tro/cc 3VhD-;vfcL 

^ ^-(^SuperCos 1> t/V/n^Vt'-T ^^X^SD-212<^)^fe#DNA^|^^twtmfcU/c 

^)CO=Srffiv^fco m^^tti^li- /hM<^-9-:^-7U >Mom^^l!litMupid (3;^•^/^M ri") 
:^fflvn?ST*-n-;;-r;v«rfflv>t:50 Ve*5j70^«^^ift«r^fo/co 
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^e^U-ynyr-f y^r^^o ^tK^^i-^ yf-^y (Hybond N+)JI h :7 > 

;^7r-L7'>:o 5!!kStfe, ^ V>'=S:80'C-e2B#^. ^-dfVi^' (baking) =lr^TV^ p< 
y VVlcDNA^iaat/^o '?-<^t^> Alkphos Direct Labeling and Detection System (Ame 
rsham Pharmacia) ^fflv^ igsMO^u h =i - "^-^'^^^^^ "^'^.^^l^" "^^f/-" 
=l:^To7to T'n-yDNAi'fi, > j:.>-7'-^?-^^7--titfeiF (crti) 

<D«5^ifM-4:fflV>/co eoc^^-i^x-f r^n->(7)o*>pCos5-2. pCos7-U pCo 

s9-l<?530(7)^o->iri3V--C. 12 kbOEcoRI»f>tl^'i^-:^7-'f ■7^v'^*-^^V5&^^S^^*^>'b*i'^- C 
113) o fn-;K^SD-212^'fe#DNA(i. «^»-e?tEU/>: ^ 6. liS^S-^^lUX';^ ^ 

^;V'fb^ tLEcoRIlc J: ^55-^:6^1W^ tt/c C t hMo $ ^ iSS'^.Lt ^ 

•^^u-y'^T-fyy^^ FiiSuperCos 1. y V/n'^^ r'-f ^^;^mSD-212|^<^^fe#DNA=SrBam 
HI*>L<tiBamHI-EcoRmmbU. mi^<Dim^^^ofz (04) » ^O^^Baniinc J: ^rft 
>fb«rfi^o/c^OT'(±> 9 khmmmnK^^J7-^f'yVir)Vi,mii)hft. BamHI-leaRIt-J^ 
^ o ^> <7) ti . 8.2 kb(^ *° V X ~> ^* i- n^ifiU^ lb tt:^^ o J7^ V > -rV ^ ^ 
>^mSD-212/|*0^fe#:DNA(7)M'(bt)lC'fe> Hl^O^^f Xt^^N-:/ Yx-yf.^jT^'r-y^-r)^yii- 

[0 0 5 51 

^iS'0^J8-eMfe$tLyi3o(D|^1±i5'O-> (pCos5-2. pCos7-U pCos9-l) 0^-?>pCos5-2 
:^fflv^. 12 kb<^}fX©fM-=^EcoRIT'^»)mL. -fvTs^ K-<i>i5'-pBluescript II KS-O 
EcoRlTOicm^L. i^mm (E. coii) DH5a^'Sr?^®lS^Lyi:o ^ ^ ^„ AJ^f ^'-^ 
iHstiSont/Co Ap=&«L/c2 mlOLB?S#^^-e37'C. -Bj&^«<^, f 

V^nmLfZo }ftm$tL/c:^v>^5 K{±Big Dye Terminator Cycle Sequencing Re 
ady Reaction Kit ver.2 (Perkin-Elmer) fcmodel 3700 DNA sequencer (Perkin-Elmer) Jr 

tiGeneMark.hmm (Lukashin A. and Borodovsky M. ) ^v^^fK^^- K^^t^^JL 
Sdm.W.n<^WM^j: i^"^^^^^ 12 kbO®f>t'4't*12l@<^0RF (open reading f rame)_ =Sr ^Fb^ 
Lf' (US) o Blast =^fflv^. #0RFOT5 ^m@B^Jl/'^>'^-^'<^*-=t°>'-^^*^^'- 12 
'li<??0t.7«(i> gfe^(^*nx^-f Ki^^^»fSi=- (crtW. crtY. crtl. crtB. crtE, c^ 
Z idi) tilQm'&^^i-^i^i!>^^^<>^^ (*2) o ^ «9 05i®<^itfei^l±. g£l?(7) if ^>&^t 
S#ri^'»:fi<I=fe^aStt{4*$=^v^**nit<Si=-^*)o/co ^crtitfe^^OiSe=Sr^ 

-<r<;?*^;i>fc> crtw> cTtmi^=^<^i<Lm'^^<om<Dm^^<^\^^^^i^\ ^--oxmB^^^^zTi^ 

m^^/3-^=F7S' (^-ionone) ^iz^ir ^ T ^ ^ F«^^mi-S/fflm<7)* ny-y ^ 
K^-^^at-fS^i^ (Misawa et al., 1990 & 1995; Hannibal et al. . 2000) t:fei_<M 
i^^mik'S:mi-^^tib^t>Tb-'ofz (HIS) o IP?^ y ^ y -■^mU=^ (Mi) ^ny-y 

F^'g-^®'f5i=-^rtl^#^i"^^^^^<^'^>^*^"^'^'^^° ±gaoi2'f@<OORF {7m 

Ocrtitfe?-=gr-^tf) -t-^-r^-g-tf/^^^^ Kp5Bre2-15=lr*1-'5>::^M(i, ^nx^^'f K 
=$r^<^Mt'^'5::0^-=>5^-o L/i^*oT^ V>'^>7'-< ■=£"^"-^M ( Brevundimonas sp.) SD- 
212 J^<?5 * n X y K*'^^S^?-f^«*> C <^ ^ * (^«t? lii^mmx-i^t^^m b * v> i 

[0 0 5 6] 
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^-z^: 15/ 



[^2 1 



ORF« 


GC% 








GenBank number 


ORFl 


69.7 


140 








crtW 


69.6 


244 


$ -*0f> C4*4*>^r*t^'b' 


CrtW: Brevundimonas aurantiaca (96) 


AAN86030 


crtY 


70.2 


392 




CrtY: Xanthobacter autotrophicus Py2 (53) 


AF408848 


crti 


67.3 


489 




Crt I: Xanthobacter autotrophicus Py2 (72) 


AF408848 


crtB 


72 


310 




CrtB: Xanthobacter autotrophicus Py2 (54) 


AF408848 


ORF6 


75.8 


355 








ORF7 


74.6 


315 








crtE 


71 


298 


GGPP 


CrtE: Xanthobacter autotrophicus Py2 C'^^) 


AF408847 


idi 


74.9 


350 


Typefl IPP-fy/7-b* 


B?P -YVi^?— *': Pflnrooi agglomerans EholO 


(55) Q01335 


crtZ 


66.9 


161 




CrtZ: i4«co/i^enejsp. PCI (49) 


Q44262 


ORFll 


70.7 


257 








ORF12 


66,7 


122 









CrtW BravuneUaumaa auraatiaca (GenBank number AAN86030 ): CrtY, CrtI, CrtB. CrtE, Xantbobactarep. Py2 (GenBank no. AS 408848, 
AP408847); IPP iaomerase. Fimtoea e^omeraaamava {Brwtaa heMeold> (QenBank no. Q01SS6 ); CrtZ AlaaUgeiUB sp. PCI (GenBank no. 
q4426d 



Lukashin A. and Borodovsky M. , 1998. GeneMark.hmin: new solutions for gene f indin 
g, NAR. Vol. 26, No. 4. pp. 1107-1115. „ ^ u u 

Misawa.N.. Nakagawa.M.. Kobayashi.K. , Yamano.S., Izawa, Y. . Nakamura. K. and Harash 
ima.K., Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway by 
functional analysis of gene products expressed in Escherichia coli^ J. Bacteriol 
. 172, 6704-6712, 1990 

Misawa, N. . Satomi. Y. . Kendo. K. , Yokoyama. A., Kajiwara, S. . Saito, T. , Ohtani 
T and Miki. W. , Structure and functional analysis of a marine bacterial caro 
tenoid biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed a 
t the gene level. J. Bacteriol. 177. 6575-6585, 1995 (^#1^=5:^1) 
Hannibal, L., Lorquin. J., D'Ortoli. N.A.. Garcia. N. . Chaintreuil. C. , Masson-B 
oivin C Dreyfus. B. and Giraud. E. . Isolation and characterization of canthax 
anthin biosynthesis genes from the photosynthetic bacterium Bradyrhizobium sp. s 
train 0RS278. J. Bacteriol. 182, 3850-3853, 2000 

Larsen. R.A.. Wilson, M.M., Guss, A.M. and Metcalf. W.W., Genetic analysis of pi 
gment biosynthesis in Xanthobacter autotrophicus Py2 using a new. highly eff icie 
nt transposon mutagenesis system that is functional in a wide variety of bacteri 
a Arch. Microbiol. 178, 193-201. 2002 

ff^^ (lacZ) (OV-Vmnt(Dm^^>^^^ntfj:hX-)i-^0W^ 

■f^^^ Kp5Bre2-15<7)DNA*»Mt L-CPCRT'ifilflL. p-^y^ h r —^m^ > 

t^mni^tzylf-h-r^^^o ^m'SKii^ #0RF*5' «1ilt^EcoRm«5:*> 3' ^SSIfflt'i^ 

mi^vi it^m^^n<:>mmmmi>mhn^ x ^ ^zmnvtzmnf^ (5-28) (o-fj 

^•r-^-ffiv^-CPCRJC-CliiPib^o i»|it'm)NA^U^7-^ftiLa-Taq (TaKaRa) Srffi V^, # 

mU<W2 004-3115777 
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^-v>^ : 16/ 



s.^ EcoRIl^i^m'fbi:^ BamHI L < {iXbali; i ^vmb=^fi^v>o l%T:^^u 

(Qiagene Gel Extraction kits QIAGENE. ^> L < tiGene Clean II Kit. BIOlOl) -Sr^To 
^o -go "9 m ^ tL7tDNAf±pUC180EcoRI t . BamHI ^> t < tiXbal^^ t'^^S L> ^'clIimDHS a 
\i.^^m^\.fz. ^<Dp-ifyi^Y'y'^-^m^^-y^^'^nm^m-fy7.^YX-\t. ^ORF 

_ ^le^jMetThrMetl leThrAsnSer^MtSn ^fih X.^ \,zr^^ y ^itX^^^^o 

mMmiQX7fi'Lfz-:fyy^^ Y(D^%. crtE. crtB. crtl. crtY. crtZ, crtI*<ST-«r# 

7;^ 5 K=£:atiiU/3o WtB^^i':^-"7°^^ ^ KtiBig Dye Terminator Cycle Sequencing Re 
ady Reaction Kit ver.2 (Perkin-Elmer) h model 3700 DNA sequencer (Perkin-Elmer) =lr 

tLpUCBre-E (lacZ: icrtE) > pUCBre-B (lacZ: :crtB) . pUCBre-I (iacZ: :crtl) . pUCBre- 
Y (lacZ ::crtY)> pUCBre-Z ( lacZ: i crtZ) . pUCBre-W (lacZ : icrtW) ti^o'tt/Co 

^<D'^ m3(0:^^z^'t^^*^^^ ^ V^M^^^:^^ K (chloramphenicoK Cm»14) 

y^^LfZo -eof^s ^t'll^^il^^TV>^ ±V»«r^itL> HPLC-PDA>-;^x A (Waters AUia 
nee 2695^Xm996y ^ hV^ ^-YTU^^m^) Tfe^<^:55'*f 'Sr^ff o /^o iJ^J^Klt 
TSK gel ODS-SOTs (TOSOH) «:fflv-. ^?6^#t±, A^ (95%^^^-)^^) . Bm ^ ^ - 
}V' f V'^^V^y^y (tetrahydrofuran: THF). 7 : 3] T-S^F^AmoOyo^^^BtL, 5 

^i)-hio^(Dmxm 100 %ii)-h^m loo % [zw^^'y^^y^^^^^^ ^omm^s 

^mmmLfZo i^mity^h^^^-'^'TU^mmmx^iT^^^. (^Empower V 7 

I'^x.TXm^'S^^'ofzo mShtl^Xii. i^mn^y-^ ^ K>^^«g5r^i-^»m (m3 
:£) ji^f^tttBL/cfe^tTtti'g-^p^n'^^lfniiL-rffiV^ 470 nm-eO^#^WtM?fe?^0 

<73^^J: > 'fV?^yT^ ^f-^^SD-212;^<7)^ai!ll'^crtitfS^^*^Ml^-eitteL. 
g&:j¥<^crtit{S^^ ( crtE . crtB . crtl . crtY. crtZ. crtW) t |SI#<^^|g=S:^-r ^ - ^ 'S^' 
^hls-hia^fz^ fzfl L. pUCBre-I (la^: :crtD tpUCBre-Y (lacZ : :crtY) <0^mki. 
izmMX\ti}^^£^'^ft^^fZo 
[0 0 5 9] 



2004-3115777 



#M2 0 0 4- 1 6 5 9 1 9 

[^31 

Brevundimonas M SD-212*©#acr/31feT(D^ti(D 
^»3K sa4*i4*p^/'fK sD-212 sjfewcrfae* feffis*ifc*OT-y-fK 

(/acZ;:#acrt) 



pACCAR25AcrtE(crfB,/,y,Z,X) 


f=PP 


pUCBre-E (/acZ::cftE) 




pACCAR26AcrtB(crt£,/,y,%X) 


GGPP 


pUCBre-B {lacZ ::crtB) 




pACCRT-EB(crfE,8) 




pUCBre-l (/acZ::citO 




pACCRT-EIB(ci1£;0,O 




pUCBre-Y (lacZ ::city) 


r-*af>(C»a) 


pACC AR1 6 L cnX{crtE,B,l, Y) 


i8-*Pf> 


pUCBre-Z (/acZ:: crfZ) 




pAC-Canfha(cff&Q,/.V;vlO 




pUCBre-Z (/acZ ::c/tZ) 




pACCAR16AcilX(citE,B,/,Y) 




pUCBre-W (/acZ ::cftMO 


> (90%), I+*/>(5%) 



^M^JlO-e^L/cy^.^^ V<0^%. M<^«5fe^*-^§=fevWl. 0RF6. 0RF7. ORFll^ 

^9;^ 5 F^fflmLf^o ttm$tL7t-/9:^5 KtiBig Dye Terminator Cycle Seq 
uencing Ready Reaction Kit ver.2 (Perkin-Elmer) t model 3700 DNA sequencer (Perki 
n-Elmer)trffivMiJ-JRc^^n ^=I-;^^'^^&oTm*SB^J<^?Sm«rtroy^:o ^'f'y:^^ K<^« 
IH^r-etL-e'ttpUCBre-Ol (lacZ: :SD212-ORFl) > pUCBre-06 (lacZ: :SD212-0RF6) . pUCBre 
-07 (lacZ-:SD212-0RF7) . pUCBre-011 (lacZ: :SD212-0RFll) > pUCBre-01_2 (lacZ::SD21 
2-0RF12) h^^nfzo ^3(^;£t^^-r#5a:^n7-y ^ K (Cm» 

W) ^^■t^i^m-m\^^^h<D-fy7.^ Y-^mXl.. Ap. Cm^v^*BL^2mlOLBTet#:^m 
Xn mM(^IPTG«l-J:;2>ilST-e30TC. 48^«^> it^C^^filir J: 0 *® U m^^STOT^ 

±ffioi4Wo/;:^*i:LX. -f^:^^ KpUCBre-011^«Ab/:»«co^:&^':^°5/x 
y^^^^^tfb^fx/To -r^:fe*)> ORFlKTJM-a-^mffl^^^^^ FpUCBre-011 (lacZ::SD2 
12-ORFll) ^> pACCAR16AcrtX=S:?fi-r^ iS-:*°T->'m^:'cMffi (DH5a) icSAL/:*^ 
-fe*Jftm?St?{±. 'ftifB#M16^0i:i^l^/5-*D-r>' (451 nm> 478 nm) <^^^5&*^*5> 
t>tt lg;^tt1l!fl<^ll:5?-<?5fcCi;!)lC451.0 nm. 478.8 nm<^M^:^=Sr^o%S:6-'M.«6 ^ tt. 
13^<^t r^t'452.2 nm. 477.6 nm<^M®;'c^#^tFK/&^S^»6 <btL/c (1^6, 

hh-^m'^^h^f^^^ pACCRT25AcrtXffi5^0•^fT^•9•>^>'=Sr±^5•i:■t■^T•fe^-^W 

^I^J^: 10.6^5-) (75tf-i5'i:(±E'S:^=5::6-c./i<7)-e (116c) . Z.ixh<r>2^<r>^^mm\t 

aiiE#2 004-3115777 
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^-v : 18/ 



Vli ^fL^fi. p , p-f}^Ty-2.r -'J:t-)^ i8-carotene-2.2' -diol ; 2.2' - 
v^nVn^^z-jS-Tt^ox^) . p. l3-:^mTy-2-t~)V ^-caroten-2-ol ; 2 

(miKDm^^Mm-fy KpUCBre-On (lacZ::SD212-0KFll) pACCAR25 A crtX* 

y^^h^r^'^y^ym&i^mm (dh5«) i'SAL/::«ofe^fflm?^-e{i. io.6^<^i* 

^^B#Ht''t'T^-9-^^^^ (451 nm> 480 nm) 0#ft:*^'^^«^> ib -^-tLmi-Uff/c^ li-^' 
iitr 9 1^451.0 nm. 478.8 nm<7)®iR=^:;*;«r#oi^Kl75«Ei6 ^ tL. t/c> 

9 9^1^452. 2 nm, 477.6 tm<DmM^^^m'S.2<0\£- iimm^^fz (137. ^^-^Tlt^ 

^fifz (nio. *»ji3#ps) c mwif^-y^^^^MR^ma^-^^-^^ 

7>m-2-li Kni^i/^-^f (^-C2-hydroxylase) -e*)f). /j-^nxV-^-^T^^X-^^ 

y\zmh^-4^jywk.(02'^<o^%r-im^^n^y<^^^^^'^^^^^^'^-^'^''^ 

'a) o 

Too 6 3 1 

y^m^air^Jr KpAC-Ca 
ntha i^-t^ijy ^ ^'^y^^'^'^^-^^'^ (DH5a) icy7>^$ KpUCBre-011 (1^-SD 
212-OKFll) ^SXL. *M^ll-e^t/c:^'^T'fe«^tf%^To/^„ ^^^^^^J^ 

<^||«Mft^±-€-tL>el^. 478 nm. 474 mat?* «9 > ^^tS^SSi-^/n/j'^^i^^^ 
^Vit/'o T^^^-9->^>' (i^#BtP^6.6^1tf^) h<Dco-HPLC<^l^^t:^J: <5 -tL 

^^L-rtL. 2.2' -i^y^Vu^i.-p.^-iJU^y-AA' (2.2' -'^^^'^t'^JJ" 

^^:^y^y) ^ j^-a^^ 2-TiKnif'>-^,iS-*nxV-4.4' -v^5j-> (2-tKn^v*^ 

FpAC-Asta T;^ ^ ^-9- >^ V^T K^^■^^>^>^fc^^ 

m (DH5a) icy^;^? KpUCBre-011 (lacZ: :SD212-0RF11) «rSAL> ^M^Jll-^TJ^ L/c 
^^t'fe^^*f=^^fo/i (09) o 4^#B#F^6.4~6.7^t;T;^^^J>^>^ 
/c. iS:^B#F^8. 4-8. 6^(D t:i^iZTV^^^y^y<^^-^ tt^Co 
'S^^FbIS 1~5 2^5-OT:^^^-9-^^>i «9l«=m'i41iflt'475 nm<^PK.«:*:S:A^:■r^ 

D4->T>^i5'^-ij->^>t?*^^:iwi^$tLy- (112. mmmismm) o t/c m^c^j^:^ 

ORFllfiOn- K1-;5,atfS^mt)i8-'f ^^>*-2-t: F°^'>9--lfii. itHO^nx 
[0 0 6 5] 

^CBre-01l25:O'pACCAR25AcrtX'^SXUfc;^M=Sr2 L hJV) ^JxYmS^* 

8.000 rpm-ClO^W^^C^-r^ Silica: 19. 

^^L^^co Mti-^^^v-itm^^jv (8:2) (7:3) (6 14) iSitl^ (1.1)^100 

miiE#2 004-3115777 
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^--j : 19/ 



At L-C^^^ISNano Space SI-2'&ffiV>. itLlC^-^^^;^ h (ThermoQuest) t±iM 
^AtiCSO *7A-e^;?,S^=i=t<b^MDeverosil C30-UG-3 (1.0 mm i.d. X 150 mm) ^ 

Sf^V-c^VCB: 0-60%. 12-^72^-) . t ^m^-e72~82^-^tB L/.o MSfiJ^ 

Erk^^^^-fbS (APCI) irj:V);^{iiLyio ^H-NMR(4/N^VT>ttmiN0VA750'>;^-rA=S:ffl 

HPLCM>DA-i^*f .13.48^> A max 449. 475 nm m/z 601 [M+H]\ 583 

[M+H-H2O] \ 565EM+H-2H20] ^ RT 17.75^. A max 450 47^ n^^,^^.^^""^. 

) S.^J^' ^u^^>^y (caloxanthin;2-t:Kn^->-lfT^^>^:-) T-^^tR^ 
(Buchecker. R. . Liaaen-Jensen, S. , Borch. G. , Siegelman. H. W. . Carotenoi 
ds of blue-green algae. Part 9. Carotenoids of Anacystis nidulans, structures of 
Llox^thin and nostoxanthin. Phytochemistry 15, 1015-1018. 1976) (^10#M) 

o 

vi^y^y: 1.01(6H. s). 1.14(6H. s). 1.72(6H. s). 1. 98-1. 99(12H. s). 2.15(2H 
drj=17 4. lO.OHz). 2.49(2H. dd. J=17.4. 6.7Hz). 3^33(2H. d J=10 OHz) ^^84(2 
H dt J=6.7. lO.OHz.). 6.0-6.7(14H. m). ^xn^^y^^^y. 1 Ol(3H. s). 1.08(6H. s 
\' TuCm s) 149(1H t J=12.0Hz), 1.72(3H. s) . 1.75(3H. s). 1.80(1H. m), 1 
^98-l" J=17.4. 10.5Hz) 2^15(1H. dd J-17.4 lO^OHz)^ 2. 

40(1H dd. J=17.4. 6.3 Hz). 2.49(1H. dd. J=17.4. 6.7Hz). 3.33(1H. d. J=10.0 Hz). 
3.84(1H, dt. J=6.7. lO.OHz). 4.01(1H. m). 6.0-6.7(14H. m)o 

nflCBre mkrFpAC-Asta=^SALfc»m=^2 L(^2xYTJt^X»^«U. 8,000 rpm-ClO^ 

(1 1) 400 ni^M^xi^mmwi^t^c Mf^. m^^mm^ 

-3) (6:4)^'r^' (1:1) ^100 ml-CM^MU ^^b^3^^^_ 

>5r->3 yO|S|5g^^To/Co HPLC-PDA-MS^W (RT 11.98 Amax 473 nm. m/z 613 [M+H 
V) 'n-mR^mKXy). ^fUt. 2-y±Y^^'yr7.^ ^^y^y (2-hydroxya^axanth 

s) 127(3H s) 1 30(3H. s). 1.33(3H. s). 1.82(1H. m). 1.96(6H. s), 1.98- 
2 Sum sffmiii. bm).' 3:53(1H. m). 4.19(1H. m). 4 33(1H. m) 6^2-6^7(14H. 



o 



iimmu^ 0RFiit3 i ;g>^m$tL/cfe^oiwi^ (^mt>K) 



SSre-oii:2^t/pAC-Cantha*^XL/^:^JtW*2U V ^ ^^^^^ZxTO^-C^* U 8^00 r 

miE#2 004-3115777 
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^-i^ : 20/ 



y -;v (1 : i) 400 mi^ijnxT i B#raif?l^t/c:o itTSt^^^flEitilb. 85 m'^m 

mti«:#^^o itL=s:v'; :^?r^^-6o (15 g) ij y v^-^ V ^'-7 y ^ -x'^mLfzo mm 

Z^^y-mm^'f-)^ (8 : 2) (7 : 3) *3 J: 1/ (1 : 1) #100 mlT'JllM^^ttl L 
/'37 9i^v'3 >'=^#^- loli;?;>^^-9->'^>'-C-*o/c<7)t:\ B <9 <^27 7 iJ' ^/ a 

o/co HPLC-PDA-MS^W (RT 9.305*. Amax 472 nm, m/z 597.2 CM+H]\ 
RT 17 62 Amax 474 nm. m/z 581.2 [M+H]*) . M^M (HR) FABMS^^. iH^^ibUk 

#tt-^75NMR^*fl^J:»3> ^^^^^^ 2.2' -'>'^ ^'^^'^'^ ^"^ ^^.^^ 
>' .(2.2' -dihydroxy-/?.^-carotene-4.4' -dione;2.2' "'^ ^ ^ ° ^ ^ * f^t^"^^ 

-/3.^-carotene-4.4' -dione ; 2-ti Kn^v'* -e*,S t IWl^^tt^L ( 

?M) o 

10 0 7 01 




OH 



mrtc. HRFABMS^Wr-^fc^H-NMRT'-^'^^i-o 2.2' ^ ^I* 
_4 4' HRFABMS (m/z, [M]^)> ft^^ 596. 3866(C4oH3 204), M« 596.3863 

NMR(750MHz. n n ;^;V A 5 ppm), 1.22(6H, s). 1.26(6H. s). 1.89(6H s 
) 2 00-2.02(12H. s). 2.62(2H. dd. J=17.4. 9.0Hz). 2.80(2H. dd. J=17.4, 4 5Hz). 
3'90(2H. dd. J=9.0. 4.5Hz), 6.2-6.7(14H. in)o 2-^ ^i^- ^ , u 7- ^-^A - 
t^r^: HRFABMS (m/z. [M]^). ft##580.3916(C4oH3203). 580.3900, H NMR 

, 1.21(6H. s). 1.22(3H. s). 1.26(3H. s). 1.85(2H. t. J=7.0Hz). 1.89(3H s) 1.90 
(3H s) 2.00-2.02(12H. s). 2.51(2H. t). 2.62(1H. dd. J=17.4. 9.0Hz). 2.8(1H. dd 
, jll7.4. 4.5Hz). 3.90(1H. dd, J=9.0, 4.5Hz). 6.2-6.7(14H, m)o 

^?^m\^^ya)2 (2' ) ilL<Dn:^<Dmi^:mmf)mX^fiti2,2' --J}^Vu^l^ 

■^iiif^ jt*trO<;?»^7Km»>5^«X$tLfc2-t Kn:3fv-^. /?-*n7-:/-4.4' -V^yi^ 
yg»ffl<7^-7@-e^^ Daphinia magna^- h ^ f^f^ ^ ^ ^^ti^h ^<D^X-. 
y^^^^fif^i,<r>\t^MmibXX-h^ (Partali. V.. Olsen, Y.. Foss. P.. Liaaen-J 
ensen L Carotenoids in food chain studies-I. Zooplankton ( Daphnia magna) resp 
onse to a unialgal ( Scenedesmus acutus) carotenoid diet, to spinach, and to yeas 
t diets supplemented with individual carotenoids. Comp. Biochem. Physiol.. 82B(4 
) 767-772 1985; Foss, P.. Partali. V.. Olsen. Y.. Borch, G. . Liaaen- Jensen, S 
.', Animal carotnoids 29. New (2R)-2-hydroxy-4-keto-^-type carotenoids from Dafih 
nia magna (Crustaceae) . Acta Chemica Scandinavica B40, 157-162, 1986) o 

ffiiE#2 004-3115777 
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[11121 yi^y^yr^ ^i-:^mSD-2\m*^^Mir^*^7'^ ^ V<Dmmt^fih(D'fj 
131 crtIifit=^7'n-7'a:LTfflV>yi-9-¥>^N'f ^^UiJ^'l'-fe-va^ (EcoRI?^ 



[(141 crtIirit=§r^P-'7'^ LXfflv^fc^9-y>^^^•/U -H-v a ✓ (BamHIS. 
tfBamHI/EcoRlM'fb) (7>^m«r^-t-|lo .^^.*y-^a*^^*«**.^-^- 
liel pACCAR16AcrtX ( n f ^^^^ 'T'^ >^ ^ K) ^X^M^r^S^ii 
fijffi t7tHPLC-PDA^5->^^**^-r0o a)pACCAR16AcrtXSA:^l^m<^m^«^^H^C 
iru-rVir^A (470 nm) o b) pUCBre-011®: WCCAR16 A crtX^X^MO^^fe 

^(^HPLCi^n^hir^A (470 nm) o mM^J:^^<^^~ ^ ^^^^'^^^^^'^''^^ - 
'b)l'-lfT^-9->-^^^v^jEJnb/cHPLCi!7 n-T > iT^A (470 nm) o 
m7] pACCM25AcrtX (-ifT^^>'f->^^ffl^9^ 5 K) 

■C5flJfflL^;:HPLC-PDA^*f*§*=&^-riao a) PACCAR25 AcrtXSX:^)M<^^^H 
VUCi^u-rV^^M. (470 nm) o b) pUCBre-01i:5:U'pACCAR25AcrtX^X:>cfe®OS^ 

-fe^OHPLC^n-^h^^A (470 nm) o ffm^^-fe«<^ti°-^«i^en-^^^^^;^^ J° 
c)'b)t:HfT^-9->^>=£r«t/>:HPLC^'OV h ^7 A (470 nm) oU ZU^fi-tfl 

\mB} pAC-Cantha (* ^^^^^-^^^^ffi-^^:^ 5 K) 

mmLfz)^LC-?M^mm^^m-rmo a) pAC-CanthaSA:^M<^5^Jf2^^L 
D-7h^7i^ (470 nm) o b) pUCBre-01i:S:t/pAC-Cantha«X;^M<^te^«<^HPL 

C^nvhi5^7A (470 nm) o SfM^-fe**^ ti^^n'^-^^^'^^'^o ^^^^J 
y^^^-^-V^^'Sr^SnL/iHPLC^n-T h iT^A (470 nm) o 3. 4}*^^^, 2,_2 - 

4 4' -v^>-e^^ ill^Je^^t/io , 

[[1191 pAC-Asta (TJ^^^-9->^^^^ffi-^^^5 LTfU 

fflL/cHPLC-PDA^^^m^^i-Ulo a) PAC-Asta«X;^M<^ffi J-feJ^^^LC^ 
Y^^I. (470 nm) o b) pUCBre-01i:5.WC-Asta^X:^M<7)^^fe^OHPLC^ n 

(470 nm) ff^^^-fe^O tf- ti^ep-^TP^ tLXV^^o 2(±2.3.2' .S* - 

y-Y=7\^Yu^ly-p, p-iJUT-y-A-^ytm'm.^i^'fzo c) b)l'T^3'^"9->-^-^ 

^^UytrHPLC^^n-r h^7A (470 nm) o 5ti2-li Kn^^i/T^^tJ'^^V^^' 
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SEQUENCE LISTING 
<110> MARINE BIOTECHNOLOGY INSTITUTE CO. , LTD. 

<120> A NOVEL CAROTENOID HYDOROXYUSE GENE AND A METHOD FOR PRODUCING HYDROXY OA 
ROTENOID 

<130> P04-025 

<160> 28 

<170> PatentIn Ver. 2. 1 

<210> 1 
<211> 519 
<212> DNA 

<213> Brevundimonas sp. 

ttcgaticgg ggccgacggt catcaccgat ccttcggcgc tggaggagct gttcgagggc 60 
gcggggcgca agctgtcgga ctatgtcgaa ctgctgccgg tcgccccctt ctatcggctg 120 
tgctgggaag acggcgacgt cttcgactac gtcaacggcc aggacgagct ggaccgccag 180 
atcgtcgccc gcaacccggc cgacaaggag ggctatcgcc ggttcctggc ctattcccag 240 
gacctgctga aggaaggcta tctgaagctg ggcgccgtgc cctttctgga cttcgccagc 300 
atggtcaagg cggcgccgga gttgatgcgg ctccaggcct ggcggtcggt ctatgacaag 360 
gtcgccggct atatccagga cgagcatctg cgtcaggcct tcagctttca ctccctgctg 420 
gtgggcggca atccgttcgc cacctcatcg atctacgccc tgatccacgc gctggagcgg 480 
cgctggggcg tctggttccc gcgcggcggc accggcgcc 



<210> 2 
<211> 11991 
<212> DNA 

<213> Brevundimonas sp. 

<220> 
<221> CDS 

<222> (10748).. (11518) 

gtattccccg tgaagatgcg gggttcccgc ggtcagacgg aaagacccta tgaaccttta 60 
ctatagcttc gccttggcgt tagcgaccgt atgtgtagga taggtgggag actatgaaac 120 
cggggcgcca gctctggtgg agtcgtcctt gaaataccac ccttactgtc gttgacgtct 180 
aaccgaggac cgttatccgg tcccgggaca tggcgtggtg ggtagtttga ctggggcggt 240 
cgcctcccaa agtgtaacgg aggcgcgcga tggtgagctc agagcggtcg gaaatcgctc 300 
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gtcgagtgca atggcataag ctcgcctgac tgcgagactg acaagtcgag cagagacgaa 360 
agtcggccat agtgatccgg tggtcccgag tggaagggcc atcgctcaac ggataaaagg 420 
tactctaggg ataacaggct gattttgccc aagagtccat atcgacggca aagtttggca 480 
cctcgatgtc ggctcatcac atcctggggc tggagcaggt cccaagggta tggctgttcg 540 
ccatttaaag tggtacgtga gctgggttca gaacgtcgtg agacagtttg gtccctatct 600 
gccgtgggtg ttcgaagctt gagaggatct gtccctagta cgagaggacc gggatggaca 660 
tacctctggt gtacctgtca tggcgccagc tgtgcagcag ggtagctaag tatggaatag 720 
ataaccgctg aaagcatcta agcgggaaac taacctcaaa acaaggcttc gctgaggatc 780 
gtggaagact accacgttga taggccaggt gtggaagcgc ggcgacgcgt gaagcttact 840 
ggtactaata atccgatcgg tttgatcgtt tctcagcaaa actcattcga tgatcatcaa 900 
tgacccgatg atcgtcacga caatgtcttc tcatcatccg ctgtccgcct cgttgacctg 960 
gtggctatgt cggaggttcc ccacccgatc ccattccgaa ctcggtcgtt aagccctcca 1020 
gagccaatgg tacttcgtct caaggcgcgg gagagtaggt cgccgccggg tctaccaggc 1080 
ggacagccga tgatgaaaaa cctatcgaac ccttcttcct ccacaaacca cccctgccgc 1140 
gggatggagc agcccggtag ctcgtcaggc tcataacctg aaggtcgcag gttcaaatcc 1200 
tgctcccgca cccaaacaat caagccgctg gatcaacgat ccagcggctt tttgctgcct 1260 
gaacccccaa gcccgcgccc ccatcccgga cccgaacgcc aagcgtcggc tctcaaggag 1320 
tgaactggat cgtatgttcg aacgggcggt cgatcgggcg gccgccgtcg cgcgaggggg 1380 
gcgtcgcggt tccgttcatc agggccacag ccgcctcgcc gaacccgtag cccggacggc 1440 
tctccgacag cacgacgcaa tccgagaccc ggccgtcggc acgcccaatg catcgcagtc 1500 
gaaccctgac gtcgtccaag acgggcgctg aggattgggc ggccgccttg atcccgccgg 1560 
acgtcttggg ctgcgccttg gccggatcgg cggcgggcgc cggcgtcgaa ctgagggcgg 1620 
caagagcgaa cagcagggcg aggggcatgg gccatttcct tctcacctat aaggcccgga 1680 
acgccgccgt gttcccttcg ccgacacaaa ggtcgccgaa caggcgttcg gcggcccgca 1740 
agcagccttg gatcaagact cgccgcgcca caaacgccac cagggccgcc agggggtgag 1800 
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gtggtgttcg tggtggcggc cgaagtggaa gcaggtgagc agggaaagaa cggggccgta 1860 
gccgctgctg cgggcgtggt gggcgtcggc gaacggctgg tcggtgtggc ggtgcggcag 1920 
ccaggtgccg aaggtgaaga gctgaagcgc tgaaagcagg gccggcgcgg cccagaaggt 1980 
caggagattg gccggccgcg cccccaggcc gaagagggcg atcaggacca gggcggtcag 2040 
gaccgccatc tcgcgccagc cgaaataggt gcgaaagaag ttcaggaacc agggaaggaa 2100 
ggcgcggggc gccggggcgt aaaagtccgg gtcgtcggcc gtgccgggcg cggcgtggtg 2160 
ggcgtggtgc gccgtcttca gccgatcgaa gcggaagccc gcatagagcc ccagggtcag 2220 
ccggccgact gcggcgttca gccgcggccg tcccggcgcc agggagccgt gcatggcgtc 2280 
atgggcgacg atgaaaaggc cgaccgacaa ccaggtctgg accgctacga tcgccgggac 2340 
gatcaccaga ctggaggtgc cccagcggtg aaaatagacg ccgtagacgt gcaggctccc 2400 
ccatcccgcc acgatcattc ccgccagggt cagaccgatc caggtctggc gcgggacgat 2460 
gcggggctcg gcgacggcgg cggtcatgga ccttgtttaa cccaggccgg cgtcggacgc 2520 
atccgggcgg cttgcccgcc acgcccgccc gtgccacctg tcgcggatgc aggccgccgc 2580 
ccccgacagt tccgcgccgg accttttgct gctggggggc ggcctggcca acggccttct 2640 
ggccctgcgc ctgtcccagg tccggcccga actggacgtg cggatcgtgg aggcggccga 2700 
ccggctgggc gggatccata cctggtcctt cttcgaggcc gatctgacgc cggcgcagcg 2760 
ggcgtggatc gcgcccctga tcgcctgtcg ctggcccggc tattccgtgc ggtttccggc 2820 
gttcgaacgg cggttggtca ccggctattg cagcgtgacg gccgaacggt tcgccgaggc 2880 
ggtgacccag gccctggcgg ggcgcatcgt caccggcgcc gccgtcgtct cggccgggcc 2940 
gaccgaggcg gtcctggcgg acgggcaccg gctgacggcc cgggcggtca tcgacggccg 3000 
ggggccgacc gctgcgccgg acctggccct ggggtttcag aaattcgtcg gcctggaggt 3060 
gcggctgacc gcgcctcacg ggctgaagga accgatcgtc atggacgcct gcgtcgatca 3120 
gtcagggggc tatcgcttcc tctatgtcct gcccttcgac gaccggaccc tgctgatcga 3180 
ggacacccgc tacaccgacg gcgacgacct ggatcacgac ctgttccgaa cgggcgtcag 3240 
ggactacgcc gcgcagcggg gctgggtcat agagacggtt ctgcgcgagg aggagggggt 3300 
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gctgccggtc gccctggacg gcgacatcgc cgcccatctg aagcggctgg ggccgacggc 3360 
gctgagcggc ctgcgcgccg gtctgtttca tccgactacc ggctattccc tgccggacgc 3420 
ggtgcggctg gcggatcatc tggcggagcg tatcgaagcg gcgccggacg gcccggccct 3480 
ggcccaggtc atccgtcgcc atgcgcgcga cgtatgggcg caaagaggct tttatcggct 3540 
gctgaaccgc atgctgtttc gggccgcgcg gccggatcag aggtacaggg tgctggagcg 3600 
gttctatcgc ctgcctcagc cgctgatcga acgcttctat gcgggggaga cgaccttggc 3660 
cgacaaggcg cggatcctca gcggcaaacc cccggtgccg atcggcgccg ccctgacctg 3720 
tctggtcgaa agaggacgtg cgtgatgcga gcagcagtga tcggatcggg gttcgggggg 3780 
ctgtcgctgg ccattcgcct tcagacggcg gggatccaga ccacggtctt cgaggcgcgc 3840 
gacctgccgg gcggccgggc ctatgtctat aaggacaagg gctatacctt cgacgccggg 3900 
ccgaccgtca tcaccgatcc ttcggcgctg gaggagctgt tcgagggcgc ggggcgcaag 3960 
ctgtcggact atgtcgaact gctgccggtc gcccccttct atcggctgtg ctgggaagac 4020 
ggcgacgtct tcgactacgt caacggccag gacgagctgg accgccagat cgtcgcccgc 4080 
aacccggccg acaaggaggg ctatcgccgg ttcctggcct attcccagga cctgctgaag 4140 
gaaggctatc tgaagctggg cgccgtgccc tttctggact tcgccagcat ggtcaaggcg 4200 
gcgccggagt tgatgcggct ccaggcctgg cggtcggtct atgacaaggt cgccggctat 4260 
atccaggacg agcatctgcg tcaggccttc agctttcact ccctgctggt gggcggcaat 4320 
ccgttcgcca cctcatcgat ctacgccctg atccacgcgc tggagcggcg ctggggcgtc 4380 
tggttcccgc gcggcggcac cggcgccctg atccaggcca tggtgcggct gtttcaggac 4440 
ctgggcggcg aaatccggct gaacagtccg gtcgagcgga tcaccctggc gaacgggcgc 4500 
gccgacgggg tggtggtcgg cggccaggcc ctggccttcg acatggtcgc ctccaatgcg 4560 
gacgtggtcc acacctatca gcgcctgctg ggccaggagc cgcgcggccg caaggagggg 4620 
gcgcgtctgg cctccaagcg gcattccatg tccttgttcg tcatctattt cggcctgaag 4680 
cgggtccacc cggaggtgcg ccaccacacg gtgcttttcg gcccgcgcta ccgcgagctg 4740 
atcggcgaaa tcttcaaggg gccggacctg ccccaggact tttccctcta tctgcacgcc 4800 
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ccgacccgca ccgatccgtc cctggcgccc gagggatgcg acgccttcta tgtgctggcg 4860 
ccggtgccgc acctggcctc ggccgacatc gactgggcgg tcgaggggcc gcgctatcgc 4920 
gaccgggtcc tggcctatct ggagcagcac tacattcccg gcctgacggc ccatctggac 4980 
acctgccgca tcttcacgcc cgtggatttc cgcgaccagc tgaacgccca ccagggctcg 5040 
gccttctcgc tggagccgat cctgacccag agcgcctatt tccgcgtcca taatcgcgac 5100 
gaccagatcc ccaacctcta tttcgtcggc gccggcaccc atccgggcgc gggcgtgccg 5160 
ggggtggtgg gctcggccaa ggccaccgcc ggcttgatga tcgaagatgc ggggcggacc 5220 
gcatgagcga cgccgtcctg gaccacagcc gccagtcgat ggagcagggc tccaagagct 5280 
ttgcggccgc cgcccggctg tttccggcgg ccattcggga cgacgcctgg atgttctacg 5340 
cctggtgccg ccattgcgac gacgagatcg acggccaggt cctgggccat ggggcggtcg 5400 
gcatcgaccc ggtcctggcg gggcgcaaac tggtcgaact gcgcgaacgc acggccgccg 5460 
ccctggccgg agagccgcag acggacccgg tcttcaccgc ctttcagcgc gtcgccgccc 5520 
gccacgccat tccggcagag gaggcgatgg acctgttgca ggggttcgag atggacgtgg 5580 
agggccgccg ctacgacacc ctggaggaca cgctggacta cgcctatcac gtcgccggcg 5640 
tggtcggggt gatgatggcc cggatcatgg gggttcagga cgcgccgacc ctgcgccgcg 5700 
cccaggacct gggcctggcc tttcagctga ccaacatcgc ccgagacgtg gtggaggacg 5760 
ccaagggcgg gcgggtttat ctgcccggcc agtggctgga cgaggcgggc gtgccgcgcg 5820 
accaggtcga tcagccccgg catcgtcagg ccgtcgccca tacggcccag cggctggtgg 5880 
cggcggcgga gccctattac gcctcggcgc gctggggctt gcgcgatctc aatccgcgct 5940 
cggcctgggc cgtcgccacg gcgcggggcg tctatcgcgc catcggccgc cacgtctcgc 6000 
gctcgggcgc cacggcctgg gacggccgga cctcggtcga caaggcgggc aagctggccc 6060 
tggtggggcg cggggccctg atcaccctgt ggtgcaagac cctggacgcc tggcgtgaac 6120 
cgccgccgcg cccggccctg tggacccaca tctgacggcg ctcagcgccc ggcgcgtctg 6180 
tgctccatca tcacggccag ggcgatcccg gccagaccca cgccgcccag ggcggcccag 6240 
ccggccagga ccccggcgtt gaagtcgccg cgccagatca gggcctgata ggtctccacg 6300 
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gcccaggcat ggggcgtgat ccagcccagg gcgcggaagg cttcgggcat caggaagcgc 6360 
ggcgccatcg acccgcccag ggccgccagc agcagggcga cgaaggtggt caggggctgg 6420 
gcctgttcgc gcgaccgaca ggccgccgtc agggccaggg ccacccccgc cgcgcacagg 6480 
gcgaccaggg cggcggtcag gagcgccgcc gccgcctgcc aaaacgcaag atccggcagc 6540 
cgaggccagg ccgccaggaa gacggccgcc gactgcatca ggccgaccgt cgtcagccag 6600 
atcgcccgtc ccgccagtat gggcgccgtc ccgccccgcg ccagggccag ccgcgcctgc 6660 
aggcccgagc gccgttcgtc caacccgccc atggcgccgt gcatggcggc gaagaagacg 6720 
aacatcacgc tgaccgcccc ggcgtaatag gcggcctgga cgtcgccctg cggccccacc 6780 
tggcggacgg ggacgtcgcg cgacgggggc gcgggccgac cggccagggc cgccgccgca 6840 
gggaccagcc gcgcctgaag cgccgccgcc gccacgtctc gacccgccgc cgacaccacc 6900 
gtcagctggg gcgcgcctgc atcgtcgcgg gtgatcagaa cgccggcgtc ggcgcggccg 6960 
tcgatcacgg cccgctccac cgcctgggcg tcgtccagac ggcgaaggcg cggccccaga 7020 
tcccgcgaca gcgcctcgcc gacggcggcc gcggccgggg tgcgcgccgc atcgtgcagg 7080 
gccacgctgg cgtcgatgtc gccacgcgcc ccggcgccga agacggcggc gaacagcaga 7140 
tagaccaggg gcggcaaaac cagggtcagg gccatgcccg aacggtcccg ccagaagccg 7200 
cgcgcccagg cgcccgccac cgccatcatg acgaggcgtc cgacagatgg gcgaccaggt 7260 
cgtccaggcc ggggcgacgc acggcgacct cgcccccctc ggcgtccgcc tcgggcgaaa 7320 
ccctctgggc cgcgcccagg gcgtcctcgc acagcagccg ccattccagc ccgtccttgg 7380 
agggcgccag acccgactgg gcgaaccggc tcgcggccag gcgcgaggcg ggccgcggca 7440 
gtttgacgac cagcagccgc gccaggccga aggcctgacg cagcagggcc ttgggcggtc 7500 
cttccgccag cagccggccc tgggccagga cgccgatccg atcggccgtc tcggagacga 7560 
aggcctcgtc gtggctgatc agcagacagc cggcgcccgc ctggaccgtc tcgcgcaggg 7620 
cggacgacag gacgacgcgg gcggcggcgt ccaccccttc ggtcggttcg tcggcgatca 7680 
gcaggcgcgg gcgcccgacc agggcggcgc tgaggttggc gcgccgacgc catccgcccg 7740 
acagtgaatg aaccggctcg tccgccctgg gggcgcatcc ggtcagggcc agggcccgct 7800 
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ccaccgccgc agggcggttg gaacggggaa ggccgcacag ggccgcgacc gccgcgacgt 7860 
tctcgcgcgg cgtcagggcg ggaaagaggg cgcagtcctg gggcgcaagg ccgatgcgtc 7920 
cgcgacgggg cgcgccttcg ccggccgtcg cccgcccgcg ccggacgggg atcaggccgc 7980 
aggccacccg agccgccgtg gacttgcccg ccccgttcgg acccagcagg gcgtaaacct 8040 
ctccggccgc gacggtcagg ttgaaatcgc gcagcaccgg cccttcgccg tagcccgcct 8100 
cgacgtcctt cagaaccagc gccggcgcga cgctagcgtc caagttcggc ctgccggaag 8160 
agatgaagga cataggtcgt cagggggctg tcgtgcccga ccgcctcggc cgcccgggcc 8220 
agtgactggc gcaccccggc gcggacccgg ccttcgcccc acaggtccac gaaggtggtc 8280 
acgccctgat cctgacccac gtccttgccc aaggcctcgc tcgtcgaaca ggcgtccatc 8340 
aggtcgtcgc aaagctggaa ggcgaagccg accgcttcgc cgaaggcggc gagacgcgcc 8400 
aggtcgtccg catcgccgcc gcccatccgg ccgccgcccc gcgcggccgc gacgaacagg 8460 
gcgccggtct tcagatcgtt gatccgacgc agggcgacca cgtcgcgctg aacgggatcg 8520 
tcgcgcagat cgcgcatctg gccctcggcc aggccgtcga agccgatcgc ctgcgtcaaa 8580 
tcgtccaggg cgcccagccg cgcctccgac ggcgcccggc tttgcagaat cagccgggtc 8640 
gattggttca aaagggccac ggccgccagc acggccgcat cctcgccgtg gcggcggtgc 8700 
agggtcggct gaccgcgccg caaggccgca tcatccatac agggcaggtc gtccagaacc 8760 
agggaggcgg catgggccat ttcgaccgcg caaccgaaat ccagggcgtc ctcggcccgc 8820 
ccgccgacgt gcgcggcggc caacatggcc acgaccggcc tgacccgctt gcccggtccc 8880 
agcagggcct cgcgcgcggc gagggctaaa agaccgtccg atgagggcgc cgtctcggcc 8940 
agccggtcct gcaccaggcc acgcagattc tcgggcgact gaggttcggg gtccgacacg 9000 
ggctggggcc ttaagccgac gatcgccata cgggtctcct gatgtccttc gacagtcgcg 9060 
ttgcgaccct gggctgacgc attatgatca catacggcat cacgactgcg tcggatgcaa 9120 
cccgccagag catgatcgtt tcggagggaa ccgctaggag cgtttgcgat gcccaccccc 9180 
gacgacgccc tgatccgacg caaggacgaa cacatcgacc acgtgcgggc cggacggggt 9240 
ctcagcggcg cgtcctcggg actggaggcg gtgcgtttcg tccatgacgc cttgccggac 9300 
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ctggccctcg accagatcga cctgtccgcc cgtttcctgg ggcggcggct gaacctgccc 9360 
ttcctgatca gttcgatgac cggcggcccg tcgcgggccg aggcgatcaa tgcgcggctg 9420 
gccgaggcgg cccaggccct gggcgtggcc ctggcggtcg gctcccagcg cgtcgccctg 9480 
gagacggccg gcgggtccgg cggctcgggc ttggggccgg atctgcgccg ccgggcgccc 9540 
gacgccctga tcctggccaa tctgggggcg gtgcagttcg ccctgggcta tggggtggac 9600 
gaggcgcgcc gggccatgga gatgatcggc gccgacgccc tgatcctgca tctgaatccg 9660 
cttcaggaag gcgtccagcc cgagggcgac cgcgactggc gcggcgtggc ccaggggatc 9720 
gagcggatcg ccgccgcctt tccgggccag gtggtggtca aggagaccgg cgccggcctg 9780 
tcggccgccg tcgcccggcg cctggccgac atgggcgtcg cggccctgga cgtggcgggg 9840 
gcgggcggca ccaactgggg cctgatcgaa ggggcgcggg ccaccggcgg gcgggccgag 9900 
gccttggccg cccccttcgc cgactggggg gtgccgacgg cccgcagcct ccgcgactgc 9960 
gcccaggccg ccccggacct ggggctgatc ggctcgggcg ggatcaagga cggtctggat 10020 
gcggcccgcg ccgtccgcct gggggccgat ctggtcggcc aggccgccgg ggtgctggag 10080 
gcggccctga cctcgaccca ggcggtggtc gatcatttcg agctgatggc ggcccagctg 10140 
cggctcgcct gtttctgcac gggctccgcc gatctggcgg ccctcgctca ggcgccgctg 10200 
ctggaagagc cccgcttctg agccagttcg gccttcagcg cccgcgccga ccgcacccac 10260 
agaaagccga aggagacgca gccttcgcgc gtgcgcacgg cgtgatgcag acggtgcgcc 10320 
tggatgcgcc gcgtccagaa gccggaccgc ccggaaaagc ccgtcgggaa ccgccggtgc 10380 
accaggccgt cgtggaagaa gaaatagacc atcccatagg ccgtgatccc caggccgacc 10440 
ggcagggccc agggccacag gtgcagaccc acggccacca tgacgatggc cggggcggcg 10500 
aagaccacgg cgaacaggtc gttcttctcc agggggtgat cgtgcggctc atgatggctg 10560 
cggtgccagg accacaggaa accgtgcatc acatagcggt gcatgatcca ggcgaacgcc 10620 
tccatgccca aaaaggcggt caggaacagc gcgatccacg tcagccaggc catggcccca 10680 
gcataggcgg tttgatccgc cttcgccacg acttgaccgc cgcagggatt tgaccgtctg 10740 

tgccccc atg ttg agg gat ctg etc ate acc acc ctg gcg ctg age ctg 10789 
Met Leu Arg Asp Leu Leu He Thr Thr Leu Ala Leu Ser Leu 
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5 10 

10837 



10885 



10933 



10981 



11029 



11077 



ate ate ggc ctg cgc tat ctg ctg gtc ggc gcg gcg gcc cat ggg ctg 
He He Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu 
15 20 25 30 

ctg tgg gcc ggg gcg ggc egg gga egg gcg ctg aac ctg egg ccg ccg 
Leu Trp Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Uu Arg Pro Pro 
35 40 45 

gcg atg aag cgc ate cgc gcc gag ate gtc gcc tec ctg ate gcc tge 
Ala Met Lys Arg He Arg Ala Glu He Val Ala Ser Leu He Ala Cys 
50 55 60 

ecc ate tac gcc ctg ccg gcg gcc ctg gtg ctg gag ctg tgg aag egg 
Pro He Tyr Ala Uu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg 
65 70 75 

ggc ggg acg gcg ate tac age gat ecc gae gee tgg ecc ctg tgg tgg 
Gly Gly Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp 
80 85 90 

ctg ccg gtc agt ctg ate gtc tat ctg ctg gcg cae gae gcc ttc tac 
Leu Pro Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr 
95 100 105 110 

tac tgg gtg cac agg gcc ctg cat cae ccg cgc gtc ttc ggc tgg gcc 11125 
Tyr Trp Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala . 

115 120 125 

cat gcc gaa cac cac egg teg cgc gae ecc age gee ttc gcc tec ttc 11173 
His Ala Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe 
130 135 140 

gee ttc gae ccg gcc gag get gcg gcc acc gee tgg ttc ctg cec gee 11221 
Ala Phe Asp Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala 
145 150 155 

ctg gcc ctg ate gtg ccg ate cac tgg ggc gtg gee ctg ace ctg ctg 
Leu Ala Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu 
160 165 170 

acg ctg atg teg ctg acg gcc gcc ctg aac cat gcg ggg cgc gag gtc 11317 
Thr Leu Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val 

180 185 190 



11269 



175 



tgg ecc gcc gcc tgg ctg gag egg gcg ccg ctt cgc tgg ctg ate acc 
Tro Pro Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Leu He Thr 
195 200 205 



11365 
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gcc acc cac cac gac gcc cac cac aag egg ttc aac gga aac tac ggc 11413 
Ala Thr His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly 
210 215 220 

etc tat ttc cag ttc tgg gac cgc tgg gcc ggg act gag gtt teg gcc 11461 
Leu Tyr Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala 
225 230 235 

gcc ccc teg eca eca tec ccg gte ate ect cca gag egg cec tea gcg 11509 
Ala Pro Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala 
240 245 250 

ect ett egg tgatcggett ggtcagggcg ggegtgggcg cecaggcegg 11558 

Pro Leu Arg 

255 

tcgccatctg cagtatggac gaegaggcca gaegtccccc gccgetcatg gcgatgaccc 11618 
gcagggagtc ectcaaatgc cgggtgtcea tgatgaagtt cagccegtcg cggtccggca 11678 
tcagaatgtc caceagcacg gcgtegggeg accagtcctc gacgatccgc aacccgtcgt 11738 
tgaecgttgc tgeggteagg acttggcaac ceagccgttt cageatctec tecagatgaa 11798 
gcagaaccag egaatcgtcc tegatcacgc agactttcac gcceaacctc cagatgegat 11858 
cagggggaae taacggatga atcceatgtt gcgtcaaete ggaagaeggc gtttccgact 11918 
ggccatcgcc ttggcgggcg cggtcgtgac cctgcttctg gcggccactg gggtgacgct 11978 

11991 

gcaacgagaa ttc 



<210> 3 
<211> 774 
<212> DNA 

<213> Brevundimonas sp. 

<220> 
<221>. CDS 
<222> (1)..(771) 

<400> 4 . . ^ 4. 

atg ttg agg gat ctg etc ate ace acc ctg gcg ctg age etg ate ate 
Met Uu Arg Asp Uu Leu He Thr Thr Leu Ala Leu Ser Uu He He 
1 5 10 15 



48 



96 



ggc etg ege tat etg etg gte ggc gcg gcg gee cat ggg ctg ctg tgg 
Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu Leu Trp 
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20 



25 



30 



144 



acg gcg ate tac age gat ccc gac gcc tgg ccc ctg tgg tgg ctg ccg 
Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp Leu Pro 
85 90 95 

gtc agt ctg ate gtc tat ctg ctg gcg cae gac gcc ttc tac tac tgg 
Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr Tyr Trp 
100 105 110 

gtg cae agg gcc ctg cat cae ccg cgc gtc ttc ggc tgg gcc cat gcc 
Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala His Ala 
115 120 125 

gaa cac cae egg teg cgc gac ccc age gcc ttc gcc tec ttc gcc ttc 
Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe Ala Phe 
130 135 140 



192 



gcc ggg gcg ggc egg gga egg gcg ctg aac ctg egg ccg ccg gcg atg 
Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Leu Arg Pro Pro Ala Met 
35 40 45 

aag cgc ate cgc gcc gag ate gtc gee tec ctg ate gcc tgc ccc ate 
Lys Arg He Arg Ala Glu He Val Ala Ser Leu He Ala Cys Pro He 
50 55 60 

tac gcc ctg ccg gcg gcc ctg gtg ctg gag ctg tgg aag egg ggc ggg 240 
Tyr Ala Leu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg Gly Gly 
65 70 75 80 



ctg ate gtg ccg ate cac tgg ggc gtg gcc ctg ace ctg ctg acg ctg 
Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu Thr Leu 
165 170 175 

atg teg ctg acg gee gee ctg aac cat gcg ggg cgc gag gtc tgg ccc 
Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val Trp Pro 
180 185 190 

gee gee tgg ctg gag egg gcg ccg ctt cgc tgg ctg ate ace gcc acc 
Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Uu He Thr Ala Thr 
195 200 205 

cac cac gac gee cae cac aag egg ttc aac gga aac tac ggc etc tat 
His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly Leu Tyr 
210 215 220 



288 



336 



384 



432 



gac ccg gee gag get gcg gcc acc gee tgg ttc ctg ccc gee ctg gcc 480 
Asp Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala Leu Ala 
145 150 155 160 



528 



576 



624 



672 
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ttc cag ttc tgg gac cgc tgg gcc ggg act gag gtt teg gcc gcc ccc 720 
Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala Ala Pro 
225 230 235 240 

teg oca cca tec ccg gtc ate cct cca gag egg ccc tea gcg cct ctt 768 
Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala Pro Leu 
245 250 255 



egg tga 
Arg 



774 



<210> 4 
<211> 257 
<212> PRT 

<213> Brevundimonas sp. 

UetLet Arg Asp Leu Leu He Thr Thr Leu Ala Leu Ser Leu He He 
1 5 10 15 

Gly Leu Arg Tyr Leu Leu Val Gly Ala Ala Ala His Gly Leu Leu Trp 
20 25 30 

Ala Gly Ala Gly Arg Gly Arg Ala Leu Asn Leu Arg Pro Pro Ala Met 
35 40 45 

Lys Arg He Arg Ala Glu He Val Ala Ser Leu He Ala Cys Pro He 
50 55 60 

Tyr Ala Leu Pro Ala Ala Leu Val Leu Glu Leu Trp Lys Arg Gly Gly 
65 70 75 80 

Thr Ala He Tyr Ser Asp Pro Asp Ala Trp Pro Leu Trp Trp Leu Pro 
85 90 95 

Val Ser Leu He Val Tyr Leu Leu Ala His Asp Ala Phe Tyr Tyr Trp 
100 105 110 

Val His Arg Ala Leu His His Pro Arg Val Phe Gly Trp Ala His Ala 
115 120 125 

Glu His His Arg Ser Arg Asp Pro Ser Ala Phe Ala Ser Phe Ala Phe 
130 135 140 

Asp Pro Ala Glu Ala Ala Ala Thr Ala Trp Phe Leu Pro Ala Uu Ala 
145 150 155 160 

Leu He Val Pro He His Trp Gly Val Ala Leu Thr Leu Leu Thr Leu 
165 170 175 
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Met Ser Leu Thr Ala Ala Leu Asn His Ala Gly Arg Glu Val Trp Pro 
180 185 190 

Ala Ala Trp Leu Glu Arg Ala Pro Leu Arg Trp Leu He Thr Ala Thr 
195 200 205 

His His Asp Ala His His Lys Arg Phe Asn Gly Asn Tyr Gly Leu Tyr 
210 215 220 

Phe Gin Phe Trp Asp Arg Trp Ala Gly Thr Glu Val Ser Ala Ala Pro 
225 230 235 240 

Ser Pro Pro Ser Pro Val He Pro Pro Glu Arg Pro Ser Ala Pro Leu 
245 250 255 



Arg 



<210> 5 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 5 

tacgaattcg atgcccctcg ccctg 



<210> 6 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 



<400> 6 

tagaggatcc tcaaggagtg aactggatcg ta 



<210> 7 

<211> 26 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence :primer 
<400> 7 

tacgaattcg atgaccgccg ccgtcg 



<210> 8 
<211> 31 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence -.primer 
<400> 8 

tagaggatcc tcaagactcg ccgcgccaca a 



<210> 9 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 9 

tacgaattcg ctgtcgcgga tgcaggc 



<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 10 

tagaggatcc tgcggttcag cagccgataa aa 



<210> 11 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
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<400> 11 

tacgaattcg atgcgagcag cagtgatcgg a 



<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 12 

tagaggatcc aagctcttgg agccctgct 



<210> 13 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 13 

tacgaattcg atgagcgacg ccgtcct 



<210> 14 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 14 

tagaggatcc tcagatgtgg gtccacagg 



<210> 15 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<400> 15 
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28 



<210> 16 
<211> 28 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 16 

tagaggatcc cccacatctg acggcgct 



28 



<210> 17 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 17 o, 
tacgaattcg atgtccttca tctcttccgg c 



<210> 18 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 18 28 
tagaggatcc accgccatca tgacgagg 



<210> 19 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 19 29 
tacgaattcg atggcgatcg tcggcttaa 
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<210> 20 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence iprimer 

<400> 20 

tagaggatcc ctagcgtcca agttcggcct 



<210> 21 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 21 

tacgaattcg atgcccaccc ccgacgacg 



<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : primer- 
<400> 22 

tagaggatcc tcagaagcgg ggctcttcca 



<210> 23 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 23 

tacgaattcg atggcctggc tgacgtggat 



<210> 24 
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<211> 29 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 24 

tagaggatcc tcaggcgccg ctgctggaa 



<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 25 oo 
tacgaattcg atgttgaggg atctgctcat ca 



<210> 26 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 26 29 
tagaggatcc tcaccgaaga ggcgctgag 



<210> 27 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 27 29 
tacgaattcg atgctgaaac ggctgggtt 



<210> 28 
<211> 31 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 28 oi 
tagaggatcc ctatttccag ttctgggacc g 
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10 21 
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[US] 



EcoRl 



23. 1 kb-».| 

9.4 kb-^ 

6.5 kb-^ 
4.3 kb-^ 
2.3 kb>^ 
2.0 kb-^ 
1.3 kb ->! 
1.0 kb^ 




M:iJ--fX^— *-U/ffiodin - <i>X174MaeIII digest) 

5-1-10-1 : 3X5 Hi^P— > 
SC5S : 3X5 F/^ir^'— SuperCJosl 
SD212 : SD-212 S^#DNA 
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[114] 



BamHl 



BamH I + EcoR I 



23. 1 kb-^ 

9.4kb-». 
6.5 kb-> 
4.3 kb-^ 
2.3 kb^ 
2.0 kb-^ 
1.3kb-> 
1.0 kb.^ 



M SCS 




9kb 



8.2 kb 



M:ii-fX'7-:«F-^(A/-Hmdm- *X174maem digest) 
5-2-9-1 : P^n—> 
SD212 : SD-212 DNA 

SCS : 3 :^ 5 H iJ'— Siq»erCosl COBauM I /.BboR I i^-fb® 
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[115] 




Agrobacterium aurantlacum {Paracoccus sp. MBIC01143 ) 
crtW ^ crt^ crtY ^ crt/ ^ crt^ 

Erythrobacter longas Och 1 01 

crtV^ crti ^ 



Bradyrbizobium sp. ORS278 Old >^=^^1t>5=^> it^eSae^P 
crtE crty CTtl crtS crtW 
< P ► » ► 

Erv^nia uredovora 20D3iPantoea ananatis ) 

Xanthobacter autotrophicus Py2 

r^rtV^ crt/ ^ crt^crt)^ 
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[HI 01 




jcrtV 
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ffiSE#2 004-3115777 



y^^-^;: 1/E 

004-165919 

m M A ® M ffi # 

[591001949] 



1. ^^^BB 2003¥ 4B235 

^ S#ma:5HT^ffl^ 3 MJ 7 5 # 1 J 



mU^-^ 2004-311577 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



p REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





LINES OR MARKS ON ORIGINAL DOCUMENT 



